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TRANSLATOR'S PREFACE. 



Tbb timely appearance of this practi- 
cal essay of Du Moncel wUl doubtlesa 
be regardeil with much satisfaction by 
more than one class of scientilic read- 
ers. Besides the large cluss of scientific 
students who feel a general interest 
obbuning a more definite knowledgi 
topics so obscurely treated in curi 
literature, there in a large and increi 
iMig number of amateur experimenters, 
08 well as working artizans, who can 
gain much desired infonnution from tl 
UtUe book. 

The fame of the author is so secuii 
and widely established, that nothing ni 
here be said regarding the weight 
tlie authority that presents the pracl 



bific 
Ba»^^^ 
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cal rules herein contained as safe guides 
for the constructor. 

The essay appears here substantially 
as published in Vol. 28 of Van Nos- ' 
TRAND*s Magazine. 



TABLES FOR CONVERTING METRIC 
INTO ENGLISH MEASURES. 





Long Meters. 


• 


Meters. Inches. 


Feet. 


Yards. 


Millimetre. . 


001 . .03937 . 


.00326 


) . .00109 


Centimetre . 


01 . .3937 . 


.0328 


. .0109 


D<^cimetre. . 


1 . 3.937 . 


.328 


. .1093 


Metre 


1 . 39.37079 . 
Weights. 


3.2809 


.1.09363 




Avoirdupois 


Avoirdu- 




Grammes. onnoes. 


pois lbs . 


Milligramme 


.. .001 .. 


— 


— 


Cenllgraiiime. .01 


• 




Decigiamme 


■ ■ X • • 


* 


— 


Gramme 


1 .. 


.035 . 


. . 0022 


Kilogramme 


. 1,000 .. 35.2739 . 
Linear Measures. 


. 2.2046 




Metres. 


Reciprocals. 


Inch 


= . 03539954 


. . 39 . 37079 


Foot 


= .3047945 


• • 


3.280899 


Yard 


= .91438348 


• • 


1.093633 



ERRATA 



Page lOr bottom line, add ?r=3.14=ratio of the 
circumference of a circle to its diameter. 
Page 25. line 9, for ** giving'' read "given." 
Page 26, line 11, for ** dimensions" read 

"length." 
Prige 29, line 19. erase "that." 
Page 32, line 20, for "of" read "for." 
Pas:e 121, line 7, for "they" read "it is." 



ABBREVIATIONS. 



km. = kilometres, 
m. = metres, 
cm. = centimetres, 
mm. = millimetres, 
kg. - kilograms, 
gr. = grams. 
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The complaint is general and not, with- 
out reason, that the subject of eleotro- 
nmgnetism is so obeciirely treated 
flcientists, and Uie concliisionH reac 
by them bsv of so little practical vali 
tiiaX the inyentor or constractor can di 
rive no profit from them. 
that the matliematieal physiciBtB regard' 
BUch problems of too high an order to 
permit thcmBolveB to be diverted by 
conBideration of the practical iippiicSf. 
tions. and it may be said fui-tharmi 
that the theories of magnetism are not 
yet easily expreeaed in mathematical aji 
bole, and many of the so-called laws 
still matters of oontroTersy with the mi 
coDBervative. 

For onrselves, having made many 
perimentB, we are less skeptical, and 
tboiigli we have not been able to 
rigorotieiy the lawK ai. propoaudud 



,th. 

tro-^^ 

M 
M 



Lonz Jacobi Dob and Miiller, we bare 

obtain 1 lit 8 nearly approaching to 
Terificat n tb t w admit them as guides 



in th u t 


t u of electro-magnets. 


Ohm L w 


1 t g to electric currents 


ia on th am 


f tmg, for it is difficalt 


to tak fe 


ji in the formula of a 


miUtit 1 f 


dary reactione which 


interf m 


1 H with the calculated 


reanlt B t 


th e laws are faithful 


guideB wh h 


b! us to plnee oiurselves 



in cond ti n f able for sticcees, and 
that IB the essential point. 

In order to render such a scientific fact 
practically uaeftd, it Js neceseaiy to be 
nnencumbered with the hypotheses of the 
higher phyeics and those terms which but 
few electricians understand, and to start 
■with espetiments made under ordinal^ 
conditions. It is certitin that if, to ap- 
preciate a magnetic force it is necessary 
to begin with the oscillations of a mag- 
netic needle, or with the currents induced 
by such force, to arrive at the necessary 
formnlas, the practical constructor can 
say that though such formulas afford no 




iception of magnetic force, he 
knows that they relate to a definite weight 
attracted or supported, and that the real 
object being to attain the greatest fore 
under given conditions, other conHidei 
tions are of little importance. It is undejj 
such conditions that it is necessary to am 
proach the problem in order to arrive fl 
practical results. 

Now I have always admitted that t 
known laws of electro -magnetism ^ 
Bufficient for the puri>ofies of the artisa 
and upon this idea I have based the dif- 
ferent papers published on the best con- 
ditions of eonstniction of electro-mag- 
nets. Wishinff to be sure of my dedmsj 
tdons, I have made many experiments i] 
order to verify my formulas, and it WHl 
only after the most careful experiments 
research the wiiter estabhshed the formt^ 
las given. 

I. — Formulas of Electho-Maunetism. , 

In order to establish my formulas, ] 

:fltert from the elements entering into tlM 

i^onstruction of the electro^m^net ; kno^ 
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ing the diniifUfiionti of the core, the 
ot the wire of the helix, its length 
number of spiral tiiniB in this heli\, 
ita thicknesH. 
Let a=the thickneHs of the helix. 
^^^_ &=the total length of the two spools 
^^^H or the two branches of the elec- 

^^^^1 tro-Riagnet. 

^^^^V e=th<; itiRiile diameter oF the helix, 
^^^^H which is preeumnblj' tl 

^^^^P aa the core or magnet. 

^^^^B ^=tbe diameter of the wira of tha 
' hehs, including ite insnlnting 



A=the attractive fon;e tif the maj 

netic system. 
E=tlie electromotive, force "f the pH 

employed. 
F=the foree of the electro-magnet c 

its iiiutf netic moinent. 
H=the length of the helis. 
I=the intensity of the current in Ute 

circuit. 
(=the number of turns in the spiral 
B=the resietance of the circuit, in- 

clnding the batterj-. 



11 

V 

It is easily seen that we can represent 
the number of spiral turns of each layer 

by -, and as there are as many layers 

of wire as g is contained times in the 
thickness a, we shall have for . the total 
number of turns t 

,-v h a ah 

(1) ^=-x-=— . 

9 9 9 

The length of a single turn of the wire 
in the first or inner layer is 2;r— ^, and 

for the outermost 2;r ^ — -^ and con- 
sequently the total length of these layers 

IS -.2;r— ^ and -2;r ^r— ^. 

9^9^ 

The intermediate layers form with these 
two an arithmetical progression of which 
the above expressions are the extreme 

terms, and the number of terms is -. 

9 
The simi of this series, or the total length 

of the wire, will be given by the i.orECL\\ia»\ 



_h 2;r(c+ff4-c 




_7r6a(a + g) 



The valiieB of t and H are thns ob- 
tained in terms of the different elements 
entering into the conatruction ot an elec- 
tro-magnet. 

Tliese formulas art naeful, as tliey en- 
able ns to determine the length and num- 
ber of tnniB of tlie wire of a helix, from 
the dimensions of the mi-e, and the tbick- 
ness and lengtli of the helix. 

An espresHion for the electro- magnetdo 
force is obtained by starting from the 
laws of Jacobi, Dub and Miiller, which 
flxpreBS the value of the force F of on 
electro-magnet or its maguetic moment, 
in terms of the intunaity I of the electric 
oturent and the number of turns of the 
helix : the formula being 

"B-l-H' 



F=-- 



and the value of the attractive force A by 
the square of this expression ; or 



A= 
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(R+H)"' 

By substituting for t and H in these 
formulas the values previously obtained, 
we get : 



F= 



and 



A= 



Rf/^ -^ 7tba{a -^ c) 
[liff' + 7tba(a-\-c)Y 



The formulas enable us to determine 
different conditions of maximum effect 
according as we change the values of a> 
b, c and g. These conditions are depend- 
ent on, 1st, the resistance to be given to 
the helix; 2d, the ratio between the size 
of the helix and the magnetic core ; and, 
3d, the dimensions of the electro-magnet 
itself. 

The different parts of the circuit are 
composed of different conductors, and 
it becomes necessary in determining the 
resistance to coiisider the wire of the 
helix, apart from its covering. As g rep- 
resents the diameter of the coveted vnie.> 



\i 

we may take y. for tlie diameter of tlie 

naked wire ; / hariug a value oi l.fi lor 

Tery fine wire, and 1.4 for the mediant 
sizeB. 

Now in modifying the value of E in 
the formula bo as to involve the above 
condition, the diflerent conducting pow- 
ers of the helix and the remoindei' of the 
circuit must be taten into aceoiuit If g 
he taken to represent the ratio of condno- 
tivity, we shall have for the modified 

value of R the expression —.—. The 
nnit section of conductivity being 
0."'00001C. 

Now if the diameter '- of the wire of 

ttie helix is made to vary while the thick- 
ness of the helix remains constant, the 
length will vary also, so that the reBiat- 
anee of the helix will vary inversely ae ff*. 
As the vahie of H in the preceding 
formulas represents the resistance of the 
helix, the denominators of the values ot 
F and A become : 
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gB.q* + 7rba{a+c)f* ^^^ 

/ qBff* + 7Tba{a+c)f \' 
[ fV I 

and the values themselves : 



(3) 



F z= iLJi , and 



lqB.(/*+/'7rba{a + c)'] 



3 • 



II. — Conditions of Maximum Effect of 
Electro-Magnets on a Simple Circuit. 

1st. Coyiditlons as determined by the 
resistance of the helix. 

The values of A and F as given above 
may be discussed from different points of 
view. The conditions of maximum effect, 
for instance, may be requu'ed for an elec- 
tro-magnet of Jixed di7nensio7is, and it is 
desired to adapt its resistance to that of 
a given resistance R of the exterior cir- 
cuit ; or it may be required to adjust the 
resistance of the helix to that of the ex- 
ternal circuit without being restricted in 



K—. — 
ensioDH of the helix. In the 
case tiie voriBble quantity is the diametti 
g of the hehx wire, and in the latter it il 
the thicknesK a of the hehx itself. 
I When we conaitler that in the f 

iu^ formnluH the diameter of the hd 






but 



which f is i 



constant, we see that, the calculation j 
not as simple an it appears at first K 
anil for this reason, those who first t 
ployed these formulas neglected the vbIiH 
of /and employed J/ to represent the ti 
diameter of the cuniluoting wire, In ti 
ing into account the value of /', we e 
not be able always to consider it consta 
while ff IB raiiable, and it is evident thiftfV 
on some occasions it will be necessary to I 
regard this fact. But assuming only the ( 
more simple conditionB of working, we 
easily detei-minf from the preceding 
formulas that the conditions of maxi- 
mum effei^t cirrespond to the equation 
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that is to say, R=H ; which signfies that 
for electro-magnets of the same dimen- 
sions, having spools or helices of the same 
diameter, that size of wire for the helix is 
most effective which renders the resistance 
of the helix equal to that of the exterior 
circuit, -• 

If we take the thickness of the covering 
of the wire into consideration, the formula 
proves that the most effective helix is that 
whose resistatice is to the resi.stance of 
the exterior circuit, as the diameter of the 
naked wire is to the dkwieter of the 
covered wire. 

If the tliickness a of the heUx be made 
to vary, and suppose the action of the 
spirals to remain the same (an admissible 
hypothesis under ordinaiy conditions when 
we take into account the difference of re- 
sistance arising fi*om their greater dis- 
tance from the soft iron core), the condi- 
tions of maximum effect as exhibited in 
the foimula properly moditied indicate 

that R should be equjvl to — ^r— . That is 

to say, equal to tlie length K ol Wvvi ^-^x^. 



1 



f the helix divided by the ratio , 

what amounts to the Hame 

Ti'aoslateil into ordiuary language, this ; 
deduction "Biguifies that, among sever^ 
elsctro mEignetic heUces wound with wira 
of the same size, but having a different 
number of spiral turae, that which affordoi. 
the best results upon a circuit of givmijj 
resistance, is thrtt helix -whose resiatanca^ 
is to the resistance of the external circuiti 
as the thickness of the helix plug tht 
diatneter of the coi'e is tu the thicknesa oj 
the helix alone. 

As in apphcations of electro-magnetisM. 
we generally start with a soft iron core of. 
fixed (liinensions, and aa the conditions cf! 
maxJiUEin effect, of which we will preseofo 
ly speak, rcquii-e that the thickness of the' 
heJix should be equal to the diameter 
the core, and as, ou the other hand, th4 
thickness of the insiilatiag cover varies' 
and is thus far undetermined, it is one of 
the first things to be considered in ths 
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solution of the problem of construction. 
But for an experimenter who desires to 
know what resistance a circuit should 
have in order to produce the best effect 
with a given electro-magnet, the conditions 
explained in the following section indicate 
that the resistance of the external circuit 
should be less than half that of the elec- 
tro-magnet^ if the thickness of the helix 
is equal to the diameter of the core, as it 
should be. 

2d, Conditions of maximum effect de- 
pending on the ratio between the thickness 
of the helix and the diameter ofihe iron 
core, 

A second very important point in con- 
struction of electro-magnets is the deter- 
mination of the limit of thickness to be 
given to the spools of wire to insure the 
best results. It is understood in a general 
way that the force of electro-magnets aug- 
ments with the diameter of the core, and 
the resistance of the helix increasing in 
consequence of this increase of diameter, 
it is evident that there must be a lisxiii ^\» 




m 

which the tuivantageB g^uined hy 
ing the size of the core are 
balanced by the increase of reeistaju 
the helix. This limit may be tleteriuine^ 
by cabulation. 

In equations (3) expressing: the valiuB 
of the magnetic moment nnil tbe t^ 
tractive force, F and A, we \\ill vaaBa 
the quantity c (the diameter of the sott 
iron core) to vary, and estabhsh an alg<»» 
braic relation between it and o. the thinfa- 
ness of the helix. This is easily doite, 
fiiuce we can supjioso tlie helix wouiufc 
directly upon the core, and its mteaoe 
diameter will then be=c/ and we 
be able in placing the electro-magnet 
condition of masimiim effect in relation 
the reKistance of tlie exterior circuit, 
obtain an expression susceptible of a h 
mum value, and the ratio of R to H 
also be one or the other of those va 
eHtablished in the previous sections. 

In representing by A the coefficient 
whicii to multiply the length of the he] 
to place the total oii-cuit in one 
other of tlie conditions of 
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Bupposing the thickness of the helix a and 
consequently the number of turns of the 
wire t invariable ; the attractive force A 
and the magnetic moment F have for 
yalues, according to the law of MUUer 
relative to the increase of force with the 
diameter of the iron core, 



(4) F=y-V7- — ^, and 



r/*EV 
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\Xnba{a-\-cY] 



The expressions become maximum 
yalues for a certain value of c, but the 
quantities R and H are supposed to vary 
at the same time in pro})oiiion as the 
helix is elongated by reason of the in- 
crease of the magnetic core. 

K we take the derivative of the preced- 
ing expression in relation to c considered 
as a variable, and equate it to zero, we 
find that the maximmn corresponds to the 
condition a=c. That is, the thickness of 
the helix equals the diameter of the soft 
iron magnet. Now this is just the con- 
clusion demonstrated by t\ie eiLi^cniafeTA»^ 
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of the writer, also the conclusion to | 
reached at tbe end of tliis eseay. 

The advantages of the laws stated al 
are readily seen, as they enable n 
plify the calculations in detfirmining 
relative diniensiona of the parts i 
Btructing electro-magnets. The forn 
for the length of the helix wire, f 
stance, becomes, itiider the couditioi 
2;ri(:' 






U 



gard the length b of tbe electro-ma| 
as a function of its diameter c, n 
b=inc, the aViove espreesiou b 



(6) 



making »i=12 for both bitinehes of 1 
magnet, a proportion which accords \ 
vdth good pi'actice. 

In this formula only two quantitiiftl 
and g. are required to be known, t 
which may be determined by i 
relations which will be given further* 
On the other hiwid, we have for the v 
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of the number of turns of the wire in tbe 

helix, 

12 r' 
(6) ^. 

When the electro magnet satisfies tlie* 
conditions of maximum effect, R=rHy 
« = c, and b=cm; as ^ is indeterminate it is- 
necessary that R should be made a fonc^ 
tion of ff. This is accomplished by pat^ 
ting the value of H equal to the length 
of wire required for R ; whence 

from which we get 

and as the last fraction is composed of 
known terms, this value reduces to * 



♦In this expression q represents the ratio of con- 
ductivity or of resistances between H and H, R beiiifir 
expressed in meters of te1ef?raph wire. As this wire is 
iron, and the helix is copper, the ratio is about 6. On 
the other hand, the diameter of the tele^o^ph wire is 4 
millimeters, and its cross-section is O.mOOOOie ; q there- 

6 2irm 

fore equals r-rjn^r;^ = 373000, and —^ = 0.00020106 a»* 

O.OUOOlo ^ 

above. 



the length of the core. As 
qniree un increased ntimber of ttu 

the \vire, it compeneateB under ces 
contUtiims for the Bmaller diameter o 
core. The theoretic formulae iodi 
the limit only indirectly for the conditsi 
of masimtun deduced by the preoed 
formula, taking <• ns the viuiflble, \ 

— -n;— =11 R- 'Unit is to say. t 

<J 

to the hypatheeis admitted, Kg c 
I'rease the dimeimions of the \ 
core U7itil the resistance ofthe magn^ 
helix is eleven times the resiaCanca ^ 
exterior circuit. 

Under these conditions we have 



«=11 



Rfl' 



and we see that //* becHjmes ijlei 

the ratio of resistance of tlie the 

circuit to that of the helix when the ij 

ameter of the magnetic rore equals 

len^rth ; for in this case thiR helix hua fi 

. air.:' 
its expression — — ; 
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of the resii^tanee R to that of the lieli: 
should be = 1 to satisfy the conditionii I 
of tnsximum effect previouBly found, wtf I 
deduce, from the preceding formnla, in =5 f 
11 

In the calculations pubhshed in Jt»'M 
chenhee erperiuienlaUs s 
eleetro-tiiai/nttirjueF, by the writer, thee 
GOQelnaione are demonstrated.* 



•Snppoee, I'oreitainple. three eleil 
atrcait ur <H nieiun at telesraph wii 
tavtne dtaraetera reBiiectlvely ot O.^iOOS. o.'^aaj u 
a-nOOe, With lengthi eleven times their dlaniBtert. 

The ficst of tbeae, Ih rnrnlithed with a helli of No. 
tSwlre, O.^OOOG In iliametar, would have a beUi M 
metera In len^cth and a resistance represDnted by 10» 



Duld b 



ixwlUl 



The numiwr 
fbrnmla — — !i 



I9&!i (or the a-m a 



7 tor I 






d 1100 tor thB tliird. The J powers of tho 
bslng 0.O00T15. n.OOOBM and O.OOiUO reHjiee- 
llvelji we find (or the ruroen uf Ihe mnKnetH O.S4T8()B, 
ftJOUn and 0.£»)3(/7. llie lUlvantiijce here la plalnly^ 
rtik the BPcond maKnot, wbose reslatam^o In ?W 
S, or eleven times that of tho eKlerioi' utrouit. 
Us Is mi longer the case if R he made egnal to 
, The forces then become ti.ioom. O.moa* a: 
r, amt (1 Is clenrly Ihe larger mnEnO^ 



w. 



Ab the helices are generally fumiS 
with a disk or spool-eud, and the i 
projects slightly, and as at the loweyj 
connected eud a little space is nee 
for the connections, the o 
should be slightly increased. Esperiei 
indicates that it ahouldbe mised to 1^ 

III. — Conditions of Masimub 
CiBcniTS. 

The deductions made in the precec 
chapter suppose a permanent carrentS 
tablished ; that there is no reaction a 
ing from extra currents ; that the u 
the electro-magnet is in a conditiooj 
mnguetic saturation, so that the lawi 
Dub and Miiller are appli fable, and fi; 
that the exterior circuit E is perfect!; 
anlated. When these conditions do-'j 
exist, the above conclusions a 
and calculation proves that the resists 
of the helis should be conaiderablyj 

the adTantagB, heoBiiBe It la in tbia one i 
leaiBtauce ta so great couipared wHlj R, t 
latter value does not sffeut bo lurBely the i 
t+-B)' the divisor of I'e . 



clucetl. TLe experiments of M. Hughes 
have demonstrated this. And these have 
-been furthermore confiraied by Lenoir 
t telegraph line between Paria and 
Bordeaus, which required very rapid al- 
teratioiiB of magnetizing and demagnet- 

ng. 

It is impoBmhle therefore to establish 
for electro-magnets a formula which 
Bball express exactly the conditions of • 
maximum to tliereeistanceof hehces; but 
laidering the conditions aibnitted in 
the preceding formnla, and allowing aa 
experiment shows, that the magnetic at- 
tractaon increases in a ratio more rapid 
than the square of the intensity of the , 
current, when the iron core ia not satn- 
rated, we may conclude, as we shall s 
fhrther on, that from the circumstance 
alone of rapid charging and decharging 
the magnet, that the resistance of the 
helix should be considerably diminiahed. 
But a still greater reduction ia called 
for by the action of derived cuiTonts on 
the lines. A telegraph line of 500 Mlo- 
Stetere from Paris to Bordeavts. reqciiea. 1 



I 
t 



r a redi 
i magn 
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a reduction in the resiBtaace of the fll 
magnet to 40 km. 

All the dednctions we have tht 
flBteblished nre, therefore, at fault ii 
applications of electro-magnetiBin. 
such is uot the case in the meche 
applications where the circuit is ] 
tected, where the ma^etism conbefi 
developed in the iron core, and " 
the iron ig Belected with reference fa 
capacity for saturation. 

Wo shall have occasion present!; 
examine the condition of the mag] 
core, but in order to hftTe done v 
laws previously stated, we will e 
for a moment the conditions of ma: 
effect of an electro-magnet introdoi 
into one of the parts of a derived c; 

In considering the most simple g 
that of a single derivation u establia 
upon a circuit whose resistance it 
B common resistance H starting fi 
battery, we shall find that the attracfi 
force of the electro-magnet interp 



upon 



/ will b 



■x'V 



^B[«-l-i-hH)-Vw(,t+H^Y 
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And if we substitute for ( and H their 
THlueB previously found, we arriTe at an 
expreasion, coneideriog j/ as a variable, 
which corresponds to the conditions of 
maiimum : 

Causing the thickneBS a of the helix Uy 
vary while ff remains constant, the con- 
ditions of maximum are represented by ; 

rV^-R + u)- g- 
In the first of these equations, the sety 
tmd member represents the resistance of 
the helix, while the first member is the 
totaJ resistance of tiie exterior circuit ex- 
pressed in units of the same order as those 
giving the length of the wire of the helix. 
Bnt iia9'totai resistance is not an in- 
Oeased value. It is represented in fact 

The total resistance here should be con- 
sidered as if the part common Ut bo'i^ &»>- 
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rived currents were represented hj ti 
as if the really common port E were c 
a derivatioD. 

In the Becond equation tbe first niu 
represents as before the total reeista 
the circuit taken inversely ; but this b 
resistance considered as the r 
an insulated line, should be let 

of the lielis in the proportion of I to l*! 

in order to satisfy the conditions of I 



We may conclude then that the lawi 
masimum electro -maguetlc action onfj 
ooits subjected to derivations, are i 
same aa those relating to simple circuity 
by supposing that the resistance R Btands 
for the total exterior resistance, with its 
brauches, and admitting that this total 
resistance is considered as though a bat^ 
iery were substituted in the circuit of the 
electro-Jiiagnet. Now aa the total resist- 
ance of a circuit thus branched is less than 
the resistance of the original line, the helix 
should have a less resistance than this 



latter. All the formulas have beeu vei-i- 
fied by expeiiment, as we shall see. 

"When the derived circmts have a feeble 
resistance, and when the elements of the 
batteiy may be arranged at pleasure, cal- 
culations will lead to a conclusion anulo- 
goue to that just reached, but of a con- 
vfiree kind. It is when the combiuation 
of cells is such as to make the battery re- 
sifitance equal to tlio total resistnnce of 
fce circuit, that the best results are ob- 
But if after establishiag a per- 
manent arrangement of the battery, a 
branches are started fi-oni the 
poles of the battery, and the maximum 
effect upon the separate circuits is sought, 
i often happens in pi-actice, the condi- 
tioDB ol resistance of electro-magnets in- 
terposed in die derived circuits ai'e quite 
different fi'om those heretofore considered. 
In this case tlie magnets, in place of hav- 
ing a resistance less than that of the bat- 
tery, will liave a greater resistance, and 
greater also in proportion to the number 
oi branches. This is easily understood 
a it is considered as waa BBii bIoo"*' 
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fh^ tin re^tasce in tlie batteiy e 
always be equal to the sum total of i 
derived circuits, and that this total n 
aaee becomes lei^s in proportion as tbi 
are more branches, bo it is necesBaiy t 
increase the resistance of each indivi 
branch to compensate for the uumlx 
If the deiived circuits, with their elec 
magnets, were all eqnal, this : 
would be proportioned to their number, 
for the formula for intensity of tlie cur- 
rent on each branch would then becoiae 



in wliich x represents the number i 
brauche^. But if the derived oircnits a 
of unequal resistance, and if b stand 1 
the number of cells united for quatttit, 
and a the number joined for tension, i 
preceding formula will bt;come for t 
branches, u and H : 
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and the cmiditim 
rrapoDd to 



When r(=H thra H=21i7. We aha! 
b 

find later an npplication of these pri 

dples. 

IV. — Application of the Inwi 

TO THE CoitSTBUcnos OF Eleotbo- 
Magnet8. 
The different laws and formulas which 
we have established enable us to readily 
solve the problema relating to eleetro- 
magnotic nttractions. But it becomes 
necessary here to introduce the law of 
Mtiller relative to the fiaturation of mag- 
sets ; a law which establishes tliat in or- 
der to develop in two electro-magxiets the 
same fractional pai't of their maximum 
force, it is necessary that the pi-odncts of 
ihe intenBity of the currents which chaise 
them multipUed by the number of turns 
in their belicea respectively, B\iciAi4.\«i\o 




eauli other as tlie | power of tlid 
etera. 

This may be thus foniiulated : 

It is easy to aee bow, fi-om tliib form- 
ula, it becomes easy to determine the re- 
i|kurtid conditioDB for an electro- magnet 
of given diameter or power, not only for 
fiirnisliing all the force of which it is eiw- 
ceptible, but ao that the laws of Jacobi, 
l>iib and Miiller Hhall be applicable. 14 
will suffice if two of the terms in the last 
formula be determined by experiment. 
There can be obtained from a ftiindartl 
flectro-nirignet in which the power is 
varied by varying the ciiirent, and the 
forces produced are proportioned to th« 
i^ipuros of the intensities of the current. 

Experiments made by the writer wiUi 
an electro-magnet, the iron cure of which 
had a diameter of O.'"01 and the helix a 
resistance of 2001"" , and which was 
placed in n Hronit of 118600'=, it waa 
I lliiil Hi'' i.ilJM in question conldbe 
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obtamed when the battery consisted of 
20 Daniell cups. As the conditions of 
this magnet were known, it was easy by 
means of the formulas which have been 
given to establish the constants, and 
from that time to have terms of compar- 
ison to be used in calculations. 

Now we will proceed to show how the 
preceding equation united with the equa- 
tions 

mc* 'Inc^rn E 

aid us to solve the problems of which we 
have spoken in determining the values 
of the diameter c in relation to the quan- 
tities E and E. 

If in the first equation we consider the 
accented terms to be known as belonging 
to the standard electro-magnet, aud if we 
replace the quantities I and t by their 
values deduced from the maximum con- 
ditions previously discussed, we shall 
have 



lY •2R(7^~"^^/^ 




And as tlie'diameter g is mdeterminate 
and shonld be'satisfied by the condition 
K=H on the one band, and (i=;c on the 
otber, it ehould be determined in terms 
of these; two quantities. The equation i 

9 

will serve the purpose. 

Inasmneb as ff ia indeterminate and 
constantly variable, tbeteim R should be 
rednced to a fonction of ff. This ia^ 
forded by the value 

VgS 

Now subatitutiug tliis for g' i 
preceding equation, it becomes : 



in which the quantity in pnrenthesis is a 
constant which varies according to tba 
syatem of measurement employed, but 
in which ot=12, 2 = 375000, and n- = 
3.1416, and in which the ather <\u5uititie8 
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may^be regarded as given, since they re- 
late to an electro-magnet working under 
known conditions. 
On the other hand, in applying the 



same transformations to the value %^-r 

that we have to -^ we arrive at the 
value 

Ab — is practically equal to unity, we 

Oan relieve the expression of the factor 
J" and consequently the formula simpli- 
fies to 

,10) .= Ak 

K being a constant with different values 
according to the unit adopted. 

If E be expressed in terms of the 
ordinary standard the single Daniell cell, 
and if R be expressed in meters of tele- 
graph wire, then K= 0.1721 75 and the 
value is expressed in fractionB of & 
meter. 



I Mil 
by 
to, 
nee 



40 

In referring K and It to the 
ritiali AjSMOciation unitu, K = O.01S9E 
The diameter c beiug kuowa, nil t! 
oUier elements caii be easily detei-mmi 
for inaximiim eoniTitions by means of t 
formulas previonaly given, wliicli espre 
the vahies of ff, b, t anil H. 

To know the value of the nttracti 
force A, it will siiffitw; to determine % 



ae of I'f't'*, remembering that I=j 

id that the values of t and a are grvi 
the formulas (6) and (10): and tb 
.to get this force exjjresaed as weight it 
neceesary to 'refer to the standard o 
magnet which gives for 
0.0000855* 

The vahie becomes 

The important results deduced*! 
formula (10) may be thus enumerated^: 
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1- For equal resistances on the circuit, 
the diameters of electro-magnets of 
maximum effect should be propor- 
tional to the electro-motive forces 
employed. 

2. For equal electro-motive forces, these 

diameters should • be in the inverse 
ratio of the square roots of the re- 
sistances of the circuit and batterj'. 

3. For equal diameters, the electro-motive 

forces should be proportional to the 
square roots of the resistances of the 
circuit. 

4. For a given electi'o-magnetic force, and 

with electro-magnets under condi- 
tions of maximum effect, the electro- 
motive forces of the batteries should 
be proportional to the square root of 
the resistances of the circuit. (See 
formula 12.) 

The preceding foimulas also lead to the 

easy solution of many problems which 
frequently present themselves in practi- 
cal applications of electricity, and particu- 
■larly in calculating directly the force of a 
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butter^', Qjid tLe lUmei 

magnet to afford a given attractiTe tea 

oil a ckcuit of given resistance. 

true that the results obtained are not ^ 

ways in accord with tlie calculationt 1 

reason of the nature oi tJie iron < 

which may be m^ 

ready magnetization, aaid by reuaon of (] 

more or less complete saturation of { 

magnet ; but we can always get a fair a 

prosimatiou, and that is considei 

gained. 

In order to solve the problem in qm 
tion, we will determine Srst the fot 
deduction above mentioned, and proceed 
to demonstrate it. This is to determine 
a value of the electro -magnetic attractive 
force in terms of the electro-motive force 
of the battery and the resistance of the 
circuit. 

If we consider the expression I'i'c* 
which represents this force,^w6 find that 
by substitiitions* in the values of I, ( and 
c, it becomes 
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E^ Q 

in which Q is a constant equal to 2228 
(the Daniell cell being the unit of electro- 
motive force, and the resistances being 
given in meters of telegraph wire). 

Now, in estimating the value of the at- 
tractive force, we anive at the relations 

(12) — ^=-1. or E' = 7^ 

As in the values of E and R the num- 
bers n and ?i' of the elements are found, 
we can easily calculate these nmnbers, 
knowing the values of the const>ants e and 

^,^EVH J 23908. 

«/ 
I«^2-J^_ 30976. 

8 

c^^-'^* 0.07195. 

9 

Il=\H^c'^=--— — 2228. 



I'leiueiit employed, (or we liaTfl 
li IT ceding equation ; 



cfeuttid (^iiimtities relate to 
in stiinilnrd electro-magnet 

I' kMowii. it is easy to deduce 
ecediuff fomiula the value of 
i-pqiiiroH the Bolution of an 

|)f tlm wfcoTid ilegroe with one 
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0.002297 



26.85 



=0.00008555. 



The quantity F represents in the stand- 
ard magnet the value Vt^c^\ and if we as- 
sume 



'*'" -§=PK 



SL f 

{yip + ry •' 

we can easily deduce the value of ne^ 
which will be 

As Q and K are constants they may be 
removed from under the radical sign, and 
the expression easily reduces to 

The quantity in parenthesis which may 
readily be calculated, may be represented 
bv A, and we obtain 



Aet^W 



The values of »ie and up being deti 
mined, it becomes easy to calculate tlie 
iliiuensions of an electro-magnet by mEana 
of the fomiulaB already given. 

In the preceding calculations the re- 
sistance of the cii-cuit is supposed great 
enough to requke that the batteiy em- 
ployed should be arrauged for iriteitsitif/ 
but if tlie rGsietance is so small that the 
battery may be airanged for q-iantiti/, 
Uie calciilationa will require some modifi- 
cation. Two cases present ibemselves; 
tlie resistance E may be nothing : or 
it may be simply leas than m: In the 
first case we cannot obtain deteiiuinate 
values for ii and b (tlie first rejiresenting 
the number of rows of cups in the bat- 
tery, and b the iinraber of cups in each 
row), for the internal resistance of tbe 



battery which is then y 



end the reaiat- 



anoe H of the helis, being two iudetei'- 
niinate quantities which should be equal, 
we (»Q assign vidues at pleasure between 
the limits coiTesponding to the values 
arising froiJ] the coiulilion of the battery 
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being arranged entirely for intensity or 
entirely for quantity.* But we can ob- 
tain the value ah or the total number ^^ 
of the elements by the preceding form- 
ulas, which give 

P 



ah=-, 0.000506 V^y^p^ 



or 



* This appears clear from the following calculation : 
The attractive force of an electro-majfnet may be 
represented by I-'H, and when the battery is arranged 
in series, this expression becomes 



A= 



(:-+")■ ^u^" 



•i 
1 



Now, suppose the battery to consist of 24 elements, 
each having a resistance of 12, then the electromotive 
force being equal to 1, when the elements are united 
for intensity, 

. 1X288 - . 

when united for quantity, 

. 24-^X1X0.5 ^^ 

^=-Tx-i2r-=«-^ 

and when arranged so that a =6, then 

. 24X1X12 ,, ^ 
^="-4-xi2^ ='•■'' 

all the values being identical . 
See also Chapter IX of this essay . 
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Under these conditions the ralue of c 
is determinate, and the formula gives 

/io\ ey/ ab 

(13) <^=—7= 0.173. 

vp 

In the second case, as the resistance 
ought to be equal to yp + r in order to 

satisfy the conditions of maximum effect 
in the magnet, and as in order to give 
the resistance of the circuit a minimum 
value, corresponding to a maximum for I, 
a resistance based upon that of the elec- 
tro-magnet, it is necessary that -p=:ry 

we shall be able to determine a and b 
whenever we know ab or n. This will be 
determined by the preceding equation, 
which gives the value of ab, since the 

value rP-^^ becomes then equal to 2 - p. 
b 

We have then 

«=i/!ir, amlft=|/!*f',or^-. 
p r it 

If, instead of a simple cu'cuit we have 
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a circuit with x branches starting from 
the poles of the battery, and upon each 
of these branches there be placed an 
electro-magnet, all having the same re- 
sistances and the same dimensions, the 
intensity of the cun*ent upon each circuit 

would be 

aE Z»E 

aj^p-f-H ^ 

and the value of ah or n would be the 
same as in the case of the simple circuit 
multiplied by «•. 

In case the dimensions of the electro- 
magnet are all given, and it is desired to 
determine the size and ai'raiigementof the 
battery to obtain the force P upon each 
of the X derived circuits : — 

From the assumed conditions, the value 

of H in the equation 

aE 



1 = 



^ TT 



is known ; and we also know that for 
maximum effect x-p should be equal to 
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H. Furthermore, we know that we 
should have 

Now, as the quantities f and c^ can be 
easily calculated, since c is given, the 
value of I is readily found. ^ 



1=/ 



PK 



from Avliich we deduce 

21H , , axfj 
a = — - and/>=-g. 

V. — NrMEKicAL Examples, Applying the 
Foregoing Formulas. 

To apply the preceding formulas to 
some pi'a(;tical cases, we will at first sup- 
pose that we wish to determine the best 
dimensions for an electro-magnet to be 
worked by a single Bunsen cup of 
medium size, upon a circuit having no 
other resistance than that of the hehx. 
We will call the electromotive force 1.86, 
a Daniell element being the unit and the 
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resistance that of 57 meters of telegraph 
wire, which is 0.57 ohm. These first 
given quantities exhibit the necessity of 
knowing the constants for the different 
batteries in use. They will be given 
further on. 

From formula 10 we shall have for c 
the diameter of the iron core : 

e=L?£o.l72175=0.'n0424. 

\/57 

Each of the branches will have then a 
diameter of 0.™0424 and a length of 
0.™255. The diameter g of the wire of 
the helix will be, by formula (7), 



^Vl. 



A A /Ju\i^v =0.n»0048()5 

4|/ y).\)^L^ Q 00020106 

57 



which includes the insulating cover. The 
wire alone would be O.^^OOSSG which is 
the value of g divided by/' or 1.4. 

The length of the wire would be by 
formula (5) 243."S and the attractive force 
expressed as a weight at one millimeter, 
from the formula 
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If the quantity R is expressed in ohms 
instead of in meters of ^telegraphic wire, 
the constant of formula (7) should be 
0.0000020106 instead of 0.00020106, so 
that the value of g would be 



r/=|//|/ -^0.0000020106. 
It 

The number of spu^al^tm^ns is to be 
calculated by fonnula ((>). 

Suppose now th-it this electro -magnet 
be inserted upon a line of 100 kilometers, 
which with the resistance of the neces- 
sary battery composed of 20 Daniell ele- 
ments will fonn a cu'cuit of 118620 
meters resistance (measured in tele- 
graph T^di'e) ; we shall have 

20 



e 



or in electrical units 

21.58 volts. 
e=- —----^ 0.015057=0.°^01. 
a/1186 ohms. 

Each of the branches will then have a 
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diameter of 0. ^01, and a length of 0.^ 06. 
The diameter of the wire will be 
0.™0002597, including the covering, and 
O.'nOOOlSSa without it, and the length 
will be 1116 meters. The attractive force 
equals 26.85 grams. 

The different formulas show why 
electro-magnets that are inti'oduced into 
long circuits should have small dimen- 
sions and have helices of line wire ; and 
why, on the contrary, for short circuits, 
the dimensions should be larger, and the 
battery be arranged for quantity. 

The dimensions now to be proposed 
for an electro-magnet worked by a single 
Bunsen cell will appear to most people 
rather large ; but they would be still 
greater if iron of a lower degree of mag- 
netic saturation were to be employed. 
Thus a tubular electro-magnet having a 
diameter of 0."^10, a length on each arm 
of 0.^30, thickness of tube 0."™01, has 
been made to support a weight of 1^0 
kilograms when charged by a single 
Bunsen cell. The lielix being a copper 
wire 4 millimeters in diameter (not in- 
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chiding the covering), 182 meters long 
and wound in 482 spiral turns. The 
i^oles of the magnet were not even fiu:- 
iiished witli an iron stopper. 

With an ordinary electro-magnet 0.™02 
hi diameter, wound with copper wire one 
millimeter in diameter, the writer has 
never been able to obtain with a single 
J^unsen cell jnoro than 12 kilograms of 
attractive force at iiontaot with the poles. 

We will assume now that we are to 
obtain a given force on a cu'cuit of given 
resistance ; that the attractive force is to 
be 273 grams at a millimeter distance ; 
the circuit to have a resistance of 600 
ohms, 50 kilometers of telegraph wire), 
to be charged with a t^ingle bichromate 
cell. In the i)roposed ])attery (potassium 
bichromate with sand) the electromotive 
force is 2 and the internal resistance 
about 10 ohms. 

Applying the formulas in C'hapter IV, 
we have 

A=0.0225 j./ '|/ i.87*x273'=0.09 
and A- = 0.0081. 



"=¥=/(¥)- 
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0081 X 60000 



= 11.125 

from whence 

11.125x2 

^= /-TTT^n^ X 0.173=0.^01553. 
V 61125 

This gives for the length of each helix 
o.™0932. Diameter of wire without cover- 
ing, 0.^0002842. With its covering, 
0.°»0003894. Length of the wire, 1861 
meters. Nimiber of turns, 19078. In- 
tensity of current, 0.0001859. The value 

c^=0.001935. 

Squaring the values of I and t and 

3 

multiplying by <•- we get for the electro- 
magnetic force 0.0243778517. Compaiing 
tliis value with that of the standard 
electro-magnet, which is 0.002297, we find 
the ratio to be 10.6, which is very near 
the ratio demanded. The attractive force 
in grams of the standard being 26.85, and 
the force required above being 273 
grams. 

We will now suppose it is desired to 
obtain a force of 200 grams on each ot 
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six electro-magnets all connected with 
a battery bf the same kind as the pre-' 
ceding. 

The total number of cells will be given 
by the formula : 

ab=^^^ X 0.000506 VVwxLi' 

:= 10,778, 

or say 1 1 cells. But as this munber is 
not readily divided into groups, we will 
take 12. With this number of cups we 
can arrange them in 3 rows of 4 cups, 
or in 2 rows of 6 cups each, "but in either 
case we shall have 

and consequently the length of each 
branch of the electro-magnets will be 
O.'nOl^lS, or about a tenth of a meter. 

Now we will compare the values ob- 
tained imder the supposition of the two 
different arrangements of the 12 cells. 
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lt5t> when a=rS and ^=4. 

;5r'= 0.000000560075. 
^=0.0007484. 

^=0.^05346. 

H=:482m 

^=5015, 1"= 251 50225. 

1=0.000606. 

r= 0.000000443556. 

c^=0.001892. 
r^'=11.155533. 

ri\-^=0.021()84. 
A =247 giams. 

2d, when « = 2 and b — i). 

i/''= 0.00000088986.^ 
</=0.000916. 

1=0.0006543. 

H=32ln^.' 

«=3345, <'=11189025. 

1=0.001, r= 0.000001. 

c^=0.001892. 
IV=11. 189025. 

IVci =0.0211686353. 
A =247 granjb. 
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It is not neceasaiy, however, to con- 
elude that in order to maintain u good 
condition of saturation in the ina^ets, 
that we ought to varj- theii- dinicnsionB 
according to the resistance of the exterioi 
orcuit. We can for some a]iplicaliom 
keep to the same dimensioua for the 
magnet, by varying the force of the bat 
tery and the dimensions of Uie wire o! 
the helix. Since the electromotive totot 
of the batteri- employed, for the same di 
ameter of electro-magnet, and a giTBC 
electro m:iguetic force iB proportional tc 
the fiquare root of tlie exterior reaistaiiM 
of the circuit, we may concludo tUat if Wt 
augment the cJeutromotive foi'cu £ lit li 
proper ratio, we uuiy as the resistanco o] 
the circuit inweases, continue the um o| 
an electro -mag] let of the f^ame diameta 
and Uai'ing the same forrt? ; cousequent^ 
if instead of insei-ting our tttaudard magj 
net of (t'"i.)l diameter iii a circuit of lUt 
kilometerB, we inti'oduce in a cii'ouit n 
400 kilometers with double the number oj 
cells, we shall have veiy neiu-ly the 
effect produced. But it would be a 
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sary to change the dimensions of the w ire^ 
lor the diameter of the magnet remaining, 
tbe same, the diameter of the wire sho iild 
^ary in the inverse ratio of the fourth 
root of the resistance of the exterior 
circuit. It would be necssary, then, in 
^e example cited that this diameter 
should be to the diameter of the wire of 
the standard magnet 0^0001583. 

or as 17.8 : 25.1, 

^hich gives 0.000112. We see that for 
telegraph relays the assigned dimensions 
^y be preserved. 

It has been asserted above that in 
<*oubling the number of elements of a 
"ftttery, we shall obtain nearly the same 
force upon a circuit of 400 kilometers as 
previously upon a circuit of 100 kilome- 
ters. The qualification ;?-€ar/y is necessary, 
for as the resistance of the circuit, the re- 
sistance of the batterv is also counted, 
and as the latter varies with the number 
of elements employed, the real resistance 
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of tlie circuit is 437240 meters i&ste 
of 400000 (400k"').. Now this 
leas than i times 11S620'° which rept 
sente tlie resifitfince of the first cii-cuitrr^i 
fio that tu obtain the same effect in th^^ 
twii cases it wuiild be necessary that t 
number uf elements (20) should 
raised to 38.4 (say 39) instead of 40. 

We will now consider the case of t 
8mall electro-mayneta, each haying 5 
meters resistance, of No. 16 wire, i 
connected with a Dimiell battery otA 
cups arranged for intensity, 
mont proves that the force obta 
from euch would be 70 grams at a n 
h meter distanc<;. Consequently 
force developed by tlie pair w#l 
hv 140 gi'fljns. Now if in place of | 
two magnets only one had been C 
ployed, the force would have been ! 
gi-oms. Then' is then a loss of 60 g 
by the use of the second maguet^j 
though both of them are connected | 
rectly with the poles of the battery. 
WoiUd seem at first sight 
there were some defect in the olet 



coimectioDii^ but we will proceed to show 

that calciilation verifies the altove result. 

Applying Ohm's formulas to the two 
cases, we find: 1st, that iu the case of 
the single eleetro-inngnet, if we repre- 
sent the electro motive force of the Dan- 
iell cell by 5973, the intensity of tha 
current will be 495; 2d, thiit, in the case 
of the two electi'o magnets forming two 
branches the intensity is 2.7!)- 

The forces of the electro- magnets un- 
der these two arrangements are as the 
eqnares of these numbers 4 95 and 2.79, 
and if we estinittte the force uf the elec- 
trO'm&gnet in a simple circuit at 200 
grams, the force of the two otliers woiild 
be giTen by tlie formulii 



2.79' x2(K 



(i4 {] 



Otxosequently the force of tlie pair of 
magnets wimld be 12H grams iigRinst 200 
grams for the single magnet. 

The result arises from the arrange- 
ai^t of the liattery which was not od- 
jWHtod to accord with the exterior resist- I 



62 

ance, eiuce its reBiatajice ie nearly four 
times as great as the latter, and ie again 
lesB than the resistauce of the circuit 
c-ontaining the two mugnetfi. The fonn- 



■2jip+K' 

wliich represents the intensity of thecw- 
rerit upon each brunch, and which, in 
case of a battery arranged in series, gives 

for condition of masiiniim effect 2-p=:H, 

or Yju=-^, shows tliat in this case the 

resistance of the battery ought to be half 
that of each circuit, conse<iueutly thu 
number a of the elements in teneion 
should be determined by the formulit:^ 



=/ 



'exaaou 



3.074. 



2x931 " 
As we cannot divide a cell of t 
tery, and as the plan requires that .\ 
numbers expressing values of c 
be divisors of u, the battery which 1^ 
Jend^ itself to tlie suvernJ condition! 



irmtiTfuipi IB the one which nioBt readily^ 
admits of division into various groups, a 
we eee that iu thecuae before us the con- 
ditions require 3 cups in tension e 
in quantity. Now under these condi-l 
tioDs, the attmctive force of the singla i 
electro- magnet would be 2S7 grams, and 1 
of the two magnets 31(5 grams. 'Iteioj 
is then a gain in (Jie uao of the tAvo n 
nets. 

The foregoing examples ahow the ii 
portanoe of making calculation j 
the construction of electro -magneto and I 
the arrangement of the battery. 

VI. — Experimental VEitirioAiio!) or 
Laws op Ei.KCTBo-MAONETrsM. 

The fonnulas given in the preceding I 
chapters have all been verified hy the I 
writer's espei-imentB, except such an arS'j 
gflnerally adopted and which present d" " 
fionlties in verification as we shall s 
forthwith. 

This experimental work seemed 
more impoj-tant, a* formerly mwa-s =« 
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tJBtfi woold not accept the fonnnlas « 
out discussion, and furthenuore aaSi 
matical calculationB are not always e 
vincing. The writer bas made many a 
periments to prove the truth of hia | 
diictions and witli results as follows !» 

Ist. The experiiaental demm 
of the prineiple which establishes 1 
i-ule that the resistauce of the eleeH' 
niugnet i^Jiould be equal to that of tllfl 
exterior circuit is quite difficidt by rea- 
son of Uie difficulty of tinditig wire of 
differeBt sizes whose coiidnctiTities are 
exactly proportioned to the sqnares of 
the diameters. The experiments tried 
gave contradictoiy remilte, tuid it is 
proper to say. some that were coiitrairf 
to the theoretical conclnsiouB, which led 
in the beginning' of these re^earclieB to 
some hesitation in accepting them, al- 
tboogb they liad been already generally 
accepted. Meanwliile as the other con* 
clOBioDS have been confirmed by esperi- 
ment, and aa the ill succebs of those ex- 
periments relating to thin subject m^^ 
Imve been due to &ccidevttai\ cs,\i«eR^ fcho 



principJe above stated has been admit-l 
ted in tLoee cases in which it ia really ap- 1 
plioable: that is to say -wlienthe size ancll 
length of the epool or helix having beenJ 
fixed, it 18 required to know the size otM 
the wire which should be employed taiM 
correapond to a circuit of given resist-J 
aQOG. It ie a case in which the elements J 
of the construction have been already ' 
(Idtermined. since the size oF the iron 
core should in the first place be propor- 
tioned to tlie intensity of the current, 
and since the thickness of the hel 
should be determined by another impOT*| 
lant principle. 

This is not the siune problem as tl 
determiuation of the resistarice of the ci 
coit upon which a yiven electro magnet 
or galvanometer can be profitably em-. 
ployed, without having previously cooil 
sidered its dimensions. In this latte 
CMO| the conditions of masi 
AS established by the writer show thatJ 
thi retiatance of the electro-magi 
lAouldbt to ihi reeiatance of the exteriot 
tttrpwil, as ihe thickruai of the I 



ptfi4 the diameter of the core, ii to 4 
thickness of the helix. 

This rule Ims been estftblishsd by the 
following experiments : 

Upon ft spool whofis length between 
the ends ^as 0.'"061, tind with a tnbe 
0."011 in iliametor there was wound 
with gi'eat care two lengths of 60 
meters each of No. 15 wire, also an- 
other length of 57^ meters wliich 
formeil ft third helix. These three he- 
hces presented their ends outward ea^^b 
distinct from the other so that \htsj 
conld be need separately or together. 
The fii'st offers a resistance of nW"' 
of telegraph wire ; the second bad nearly 
the same so that the two joined made a 
resistance of 2160 meters; and finally, 
the third lielis added to the two first 
furnished a total resistance of 3200 
meters. 

In stibjecting this electro-magnet to 
the test of the writer's electro -magnetic 
balance, and applying to that pole only 
which was enclosed by the helix, and ox- 
citing the magnet by the current from a 
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Xieclanche battery of 3 cups, each with 
a resistance of about 400™, the following 
results were obtained : 

Resistance of Helix A. Helix B. Helix C. 



exterior circuit 


1080". 


2160". 


3200". 


m. m. 


gr. 


gr. 


gr. 


1200-1- (1200) 


F=112 


F=122 


F''=112 


laOO-f- 400(1600) 


F- 73 


F'= 92 


Y"= 95 


1200-f-lOOO (2200) 


F= 47 


Wf= 66 


F''= 70 


1200-*-3000 (3200) 


F= 27 


F'rr 43 


F''=: 50 


1200-1-3000 (4200) 


F~ 17 


F'- 29 


F''= 36 


1200+4000 (5200) 


F=. 12 


F'= 22 


F''= 28 



The attractive forces F, ¥% F" were 
measured at the distance of one milli- 
meter from the pole. 

Now this table shows that the helix B, 
whose conditions of resistance most near- 
ly accord with the theoretical conditions, 

affords the maximum effect, and it is 

only when the resistance of the exterior 

3200 
circuit becomes 1600™ or — x— that the 



I lielix 



lielix of highest regiBtiince C i 
prepondei-anee. 

With 2 Clips of the battery and i 
terior reBietaiice of 8OO1" (represt 
by the battery), the helis B gave a fo j 
of 60 grams, while A and C each gave 
57 gmms. With a eingle cup and its 
reaiatanee of 400, the helis A had the ad- 
vantage, anJ- the forces were 21 grams 
for A. 19 for B and 17 grams for C. 

These experiments repeated with the 
galvanometer wei'e yet more decisive as 
the reader may i-eadUy verify by consults 
ing the accotut published by the author 
in Compt.es rewlns des Stances FAeadi- 
min rfe« Sciences, Aug. 13th, 1877, 

2d. In order to demonatrate that npon 
n branched circuit, the reBistanee which 
is to serve as the basis of calculation of 
that of an electro magnet is the total 
exterior resiatance taken inceraely, that 
ia to eay au though the generator had 
been substituted for the electro-magsat 
— a aensitive Buhmkorif galvanometer 
waa ineertiid in a circuit having a vaiy 
feeble geneTaior. Tbe gBi^Mwivoa^ai: had 
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two multipliers, one of 733 kilometers re- 
sistance, and the other of 237^»". A 
rheostat was added to this circuit, and a 
second one to a branch joining the two 
extremities of the galvanometer wire. 

Calling R the circuit of the electrom- 
eter, u the galvanometric derivation, I the 
derived circuit in which the galvanom- 
eter was inserted, the equation express- 
ing the condition of maximum effort 
was 

IC -h \i (J- 

It is true that I cannot well influence 
this calculation, since the points of 
branching were the two extremities of 
the galvanometer ; but by means of the 
two rheostats, the resistances u and R 
could be so varied as to present a com- 
bined total resistance, which was equal 
to, or greater, or less than the less resist- 
ant of the multipliers of the galvanom- 
eter ; so that it sufficed, R being given, 
to calculate ?/ bv the formula 

RH 



R + ff 




H representin 

The reeultH obtained after takiD^n 
precautions to preserve proper condi- 
tions were ns follows : 

Derived Tolsl Mulliplier Hulllplier 
circuits. resLfiaoce. $31^ 738''". 
km. km. km. ° * 

B=613+273 ( 

M-aoo f 

R=5I3+2T2 / 



B=5iaH-Z73 ( ..n„ 

w=Bia I ■™-' 

R=5t2+373 ) „„,, 



1=40 
1=40 



1=47 



1 = 41 
1 = 51 

i=3ai 

I=S3 



It will be seen by ibis table that, aa 
was said above, the multiplier (resistance 
poil) of greatest roaistancb liaa the ad- 
vantage even where the total resistance 
of the circuit outside of the galvanom- 
eter is ueiirJj etjual to tho smaller resiat- 
MBOeco ii: and it is ouW \i\ife\v 'Cvi\'a ^.^^^l. 
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resistance falls below 160^™ or 145^™ , a 
point at which the two multiphers have the 
same sensitiveness that the multiplier of 
least resistance exhibits an advantage. 
As with the galvanometer experiment, 
the ratios of the two resistances (the 
exterior circuit and the resistance coil), 
ought to be according to the conditions 
of maximum deduced from calculation 
1 . 9 and 2.425 — the resistances of the ex- 
terior circuit where the multipliers could 
be applied to the best advantage, should 
be 98tm for the multiplier of 237 km^ 
and 386km for the multiplier of 788^"^ ; and 
the point at which they become equally 
sensitive ought to correspond to a resist- 
ance which is a mean proportional be- 
tween these two numbers. Now this 
mean proportional being 193, and as the 
number furnished by experiment is 160, 
we may conclude that the principle pre- 
viously stated has been practically veri- 
fied. It is capable of further proof by 
calculating the resistance of w, which 
would equal deflections for the two re- 
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Bistance coOs. Thie reBistance U { 
by the formiila 

it(('H-fH') 

""({R + H'y-CiR + H)' 

which gives under conditiona eBtablil 
for the galvBDometer experiment, 221 
while the esperiment indicates 2 

3d. The priiidple governing the t 
nesH of the magnetizing helix — tfa 
should be equal to the diameter 
iron core — is readily verified. To d 
stritte this experimentally, the writW 
took three magnets of the same length 
but of difTerent diameters, as followB: 
let, O.iaoa ; 2d, 0,"01, and 30, O-iiOOeS. 
Only one pole was brought to act apon 
the electro- mngnetic balance; each spool 
was woimd with No. 16 wire ; 23 layers 
of 111 turns each, or a totiil of 2653 
spiral turns. The wire was closely 
wound ill each case, and the helicea had 
a uniform thickness of O.^'Ol. 

It follows, therefore, that the dimeo- 
eions of the 2d magnet alone com- 
spouded with the conditions of maai- 
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mum effect as preyiously stated. This 
magnet bad a resistance of 3200 meters, 
wliile the larger offered a resistance of 
5200, and the smaller one 2800 meters. 

The results of the experiments are ex- 
hibited in the following table. The bat- 
tery consisted of from 1 to 3 Leclanch6 
cells, each having a resistance of 400™. 
The magnetic attraction was estimated at 
a millimeter distance. 

Attraclive force of 
Resistances the magnets, 

of circuit. No. 1. No. 2. No. 3. 

0.«^02 0.«^01 0.°»0C65 

m. m. m. gr. gr. gr. 

ri200-h (1200) . 76 . 112 . 86 

* 1200+ 1600 (2800) . 48 . 57 . (44) 

-3 i 1200+ 2000 (3200) . 43 . (50) . 39 

1200+ 4000 (5200) . (28) . 29 . 22 

1200+10000(11200) . 13 . 10 . 8 



00 



r 800+ (800) . 38 . 57 . 46 

CO I 800+ 2000 (2800) . 22 . 26 . (20) 

5 i 800+ 2400 (3200) . 20 . (22) . 16 

« I 800+ 4400 (5200) . (14) . 13 . 10 

800+10000(10800) .7.5.4 



cct 



f 400+ (400) . 12 . 18 . 15 

_. I 400+ 2400 (2800) . 7 . 7 . (6) 

gJ 400+ 2800 (3200) . 6 • . (6) . 5 

^ I 400+ 4800 (5200) . (5) . 4 . 4 

[ 400+10000(10400) . 8 . 2 . 2 




The tublo clearly sbowH that for i 
same reaiatiiTiee of exterior circnit, i 
with Bufficient intensity of ciureat, tls 
advantage is witli the magnet whoeo 
diameter equals tbe thickness of the he- 
Its. ThJH advantage is maintain e<l 80 
long us the forces produced through the 
circuits of different resistances are prop- 
erly proportioned to the reeiBlaneea of 
the electro-magnets; and such condi- 
tions only are considered in the formula. 
It ia only when the electric force is so 
feeble that the increase uf magnetic ac 
tion with the increafie of diameter is but 
slightly marked, that the superiority of 
magnet No. 2 is affected. This is in ac- 
coad with Miiller's law, for the attractive 
forces of the magnets are proportional 
to their diameters only when the mag:- 
netB are charged nearly to the point of 
saturation. By the term satumtion is 
meant that magnetic state which the 
magnet would retain if it were hardened 
steel instead of iron. When the force 

iveloped is much below this, it is da- 
dent chiefly upon the intensity of the 
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current, and that is naturally the strong- 
est on the circuit of least resistance. 

The numbers in parenthesis in the 
preceding table indicate the forces cor- 
responding to maximum conditions rela- 
tive to the circuit, and these conditions 
have been established on the hypothesis 
that the resistance of the exterior cir- 
cuit was equal to the resistance of the 
helix, and in the construction of these 
electro-magnets a given thickness of 
helix was the starting point. If it had 
been based upon maximum conditions 
of a given electro -magnet without consid- 
eration of dimensions the preceding law 
would assert itself still more, for the 
maximum resistances of the exterior cir- 
cuit become 2600™ for the larger magnet, 
1600™ for No. 2, and 1400°^ for No. 3. 
The attractive forces of the three mag- 
nets then become : 

Willi Wilh With 
8 cells. 2 cells. 1 cell. 

For magnet No. 1 . . 50 gr. . 35 gr. . 8 gr. 

•* 2.. 94 .46 . 14 

" " 3.. 79 .41 . 18 



VII.— Efpdcts opon Electro-magneto J^ 
Satubatioh uobe or lebs Coufletb-^ 

As was said ina previous chapter, i 
laws governing electro -magnets can i 
all be stated with deeirnble preciaion 1 
reason of the vaiiable resultant effect ( 
saturation of the soft iron core; 
this cause of perturbation is far fro 
being as prominent as some scientii 
would have us believe, and it interfer 
with the definite results whieb they lucn 
deduced, much lets than the effects | 
polarization have upon cidculated ri 
of electrio curreuta, During the last i 
Bfl arches upon electro-magnets, 
writer wished to assure himself of i 
importance of thia cause, of perturbftt 
and a large number of experiments w^ 
undertaken which seem to be of i 
ficient interest to be related here, j 
muchjas the rapid extension of the v 
plication of eleiiti'o-magnetisni renderj^ 
daily more important that the best woi 
id^donfi of electro-magnets shoul 
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In the second chapter of this essay 
some general principles were stated, de^ 
duced from the author's experiments^ 
but not much stress was laid upon these 
experiments as they were not conducted 
with reference to any law outside of those 
formulated by Dub and Miiller ; but it is 
important that a more definite exj^ana- 
tion should now be given. 

First it will be shown that having de- 
termined that the number 11 is the 
proper multiplier by which to determine 
the length of the magnet after its dia- 
meter is fixed, it will follow that the at- 
tractive force will increase in proportion 
to the length. So that starting with a 
given length of wire to represent the 
resistance of the exterior circuit, and 
winding it upon electro -magnets of dif- 
ferent diameters so as to furnish each 
with a thickness of heHx equal to the 
diameter of the core, it would be neces- 
sary that the lengths should be different 
and that should satisfy the following 
conditions : 

— 8— = 5 — , oT be "=b c , 



7a 



] 



I tliHt t\m lengtlis would be invt 
piT>pt>i-ti(wed to tbe ntjuares of the 
otets. In this ease \)ie factor m {nUo 
of lengtl) ill (iiaineter) ia no longer uon- 
etiiat, B3i(l liecomes pr(.)portii>n)il to the 
imbexuf tile <lmiuet«rs. 

But then the law which directs that 
ttie ('l«ctro-maguetic force should be pro- 
liortfonal tu the sqiiai't' of the luimber of 
tuniH of the helis wire, multiplied by the 
3 power of the diameter is not applicable, 
and it becomes necesBarj to resume the 
fonsideratiou of it so as to make a cum- 
pirifi.m of such forces among the mselven, 
according to tbe law which states that 
these forces are proportional to the 
squares of the number of turns of tha 
wire, mnltiplied by the diameters of tlie 
cores and the square roots of their length. 
We shall then have for the same in- 
tensity of current: 



•s^L 



:'bi 



■^hioh shows that the forces ar 
'vwteratio of the »quarr8 of the diamcten, 
w proportional to the lengtlis; ulways 
^Bupjjosing that the iron corea are in 
proper condition of aaturaHon to render 
the lawa •<£ Duh and Mtiller appli- 
cable- 

lu onler to make known the modifica- 
tions reqiiired to the laws fonnulated con- 
necting tlie state of saturation with tl 
length and diameter, three electro magneta' 
having diameters of O.^OtiH, O.niOO? and 
O.n'OOB respectively, were wound with 
the same length of No. 12 wii'e, haying a 
diameter of O.^OUOSD including its cover 
Thislength wasTl-in^?, andits resistauoEt; 
was equal to 722 meters of teiegraplij 
wire oi' 7.22 ohms ; and the Hpoole were 
eo constructed that the thickness of the 
helis was in each cjiKe eqnaj to the diam- 
eter of tlie cortt. The lengths of the 
■pools were, consequently ; the first, 
0.in059; the second, 0.™077 1 and the 
third, 0.'''098i and the numher of tums 
of vrire wei'e respectively, 1470, 1677 a 
1B42. The leHults given in tlie table 



ler 

)li- ^H 

jn^^^H 



next puge were obtainecl with a Le- 

(iliincbe battery of the later pattero, 
viitjing from 1 to 4 cells, each having a 
reeiBtoDoe of llS"" or 1.13 obmB. The 
attractive force was meaenred at the dis- 
tance of a millimeter. 

These r^Bults ebow that oonfonn- 
nbly to the theory, it is the longest 
electro -magnet which is generally the 
Btrongeat, but ia in the same ratio at (A» 
length, only for electro-maffnels of cer- 
tain liniite OH to diameter, and for a 
certain inteitnity of current which cor- 
responds probably to the saturation of 
the f naff nets. 

This intensity for electro magnets of 
0.™09M and 0. "'077 varies from U 001082 
0.001030, 0.00143 and 0.00113 in the 
four aeries of experiments : but la com- 
paring tlie electro-magnets of 0.™098 and 
0."059, the proportion in question iB no 
longer related to the intensity of the cur- 
rents and the nitio of the foi'ces is less 
than the ratio of the lengths. Furtbet 
than this it may be remarked, that t 
forces I if these electro-magnets i 
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. Exterior 


Force of 




Force of 




Force 


3 resistances. 


maj^net. 


Ratios 


magnet. 


Ratios 


magnc 


u 
:> 




0™,098. 


1 
1 


0»°,077. 


0°»,05 


m m m 


gr. 


1 

i 


g»*. 




gr. 


r- 


452+ (452) 


225 


1,018 ! 


221 0,9210 


240 




452+ 300 (752) 


151 


1,049 ; 


144 0,9660 


149 




452+ 400 (852) 


134 


1,0635 


126 


0,9770 


12S 


' 


452+10004452) 


73 


1,0900: 


67 1,0307 


66 




452+20002452) 


36 


1,161 , 


31 |1,0333 


30 




452+3000(3452) 


21 


1.235 


17 1,0680 


16 


. 


452+4000^4452) 


14 


1,272 1 


11 1,1000 

1 


10 


" 


339+ (339) 


169 


1,0432 


162 0,953 


170 


839+ 300 (639) 


109 


1,0792 


101 1,010 


lOO 




339+ 400 (739) 


95 


1,092 


87 1,0117 


86 


" 


339+1000(1339) 


50 


1,163 ; 


43 11,0238 


^ 




839+2000(2339) 


23 


1,2105 


19 11,0555 


18 


1 


339+3000(3339) 


13 


1,300 


10 ;i.ooo 


IC 


^ 


839+4000(4339) 


8 


1,333 


6 ] 1,000 


C 


^ 


226+ (226) 


100 


1.111 : 


90 


1,000 


9C 




226+ 300 (526) 


60 


1,154 


52 1,0196 


5] 


1 


226+ 400 (626) 


52 


1.1818 


44 


1,0232 


4S 


J • 


226+1000(1226) 


26 


1,3000 i 


20 


1,000 


2C 


% 


226+2000(2226) 


11 


1,375 


8 


1,000 


€ 


• 


226+3000(3226) 


6 


1,500 


4 


1,000 


4 




226+4000(4226) 


4 


2,000 


2 


1,000 


S 




■ 113+ (113) 


35 


1,2070 


29 


1,036 


26 




113+ 300 (413) 


19 


1,26G6 


15 


1,071 


14 


4 


113+ 400 (513) 


16 


1,3333 


12 1,0909 


11 


\ . 


113+1000(1113) 


7 


1,1666 


6 '1,200 


I 


^ 


113+2000(2113) 


2 


1,0000 


2 .2,000 


1 




118+8000(3113) 


1 


1,0000 


1 i '* 


( 




118+4000(4113) 





(« 


! •* 

1 


( 



govrtuwl by the etate of satoration C»* 
the core tiist for the highest electric in— 
teusitiee. and npon circuits of lowest r^' 
ajstancf, it is the sliorteat auil largest 
electro-magnet that gives beet results*. 
CuDvernelT tlie narrowest and longest 
nia^et eshihits its advHOtage more and 
more iu proportion as the dectricity 
liiniiuishes, whether this (liminntioii. ib 
caused by It^sening the number of celia 
of the batter^*, or by increasing the re- 
sistuuee of the circiut. The importanofl 
of such variations can be estimated by 
the relations of the forces exhiliited in the 
uecond and fourth cwhimns of the pre- 
oediug table. It is readily understood 
why it should be so, as for veiy high 
iateusilieti. the ihamdter of the longer 
electro magnet in not in proper propta-- 
tion to this tutensity, and it htis passed 
its point of Hfttiu^tioii whfn the short 
Mid. large magnet would hnve just at- 
tained it. On tbc other hand, the ad- 
vautige of the magnet of small diam- 
eter, under the action of feeble currents, 
is explained by thiB consideration ; that 
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the magnetic mass of the electro-magnet 
being sufficiently great compared with 
the electric force, this force affects bene- 
ficially the greater number of the turns 
of the helix wire. We may conclude, 
then, that the dimensions to be given to 
an electro-magnet ought to depend es- 
sentially upon the electric force ^Yhich ex- 
cites it, and upon the resistance of the 
circuit in which it is to be placed. When 
the circuit is long and t/te c lectric fiot(7*ce 
is of feeble energy, the magnet should be 
long and of small diameter. When, on the 
contrary, the circuit is short and the 
electric current i?ite/ise, the iron core 
should he of large dianuter. 

This is expressed otherwise by the 

E 
formula c= — =0.178, which is offered by 

the writer to aid in determining the 
diameters of electro-magnets when the 
other conditions are known. 

In regard to the influence of the con- 
dition of the magnetic saturation of the 
iron, it is difficult to formulate its ef- 
fects. Joule, Miiller and Robinson all 



Jong ago refojfuized the fact, tbnt at the 
commeiKiement of the etirrent anil while 
the magnetic state is yet fHi- short ofantii- 
ration, tlit attrut-tive force instead of i 
creasing as the square of the itttenH 
tfie current wii/iuenta in a much I 
ratio, exceeiJhig lAe third or even i 
fourth power j)f tim iviteiisily. Bnt fl 
fact is also verified, that in firoporlitm j 
(Ac electro-mo gnetie force is i 
this ratio dirimiiehea r<ipidly to 
point of saliiraticn, remnins 
for a moment, and beyond thU J 
dimtfiiahes till the forces are in 1 
pie rtttio with the iiilengity nf thi % 
re>d. 

If the magLietli.' Force thus varieB ft 
is being dev-eloped, fiiinilar rcFinlts shoi^ 
be esliibited when it cnn be comple 
developed in uiuirneta whoBe dimeii 
admit of thfFei'eiit degrees of Batiu 
for the Pame intensitj of ciirrent, 
hypothesis ran he verified by the r 
of the experiuientu already cited. 

Considering the uase cf the three n 
netB in the last eiiEuiiple, iu v^hich t 
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forces were developed by currents of 
different intensities ; we find that there is 
for each of them a degree of intensity 
for lehich the attractive force varies as 
the square of this intensity, and that 
aboi^e and below this limit it increases in 
a more or less rapid ratio. Also^ tfiat this 
limit varies with the dimensions of the 
electro-magnet. 

In preparing from these results the 
table which follows, we see : 1st, That it 
is the electro-niai^net B which best con- 
fonus to the law of the squares of the 
electric intensities. 2d, That the larger 
magnet C aflfords the highest ratio of in- 
crease. 3d, That the smallest magnet A 
furnishes the lowest ratio. 4th, That the 
ratio of the forces for the three magnets 
varies rather more rapidly than it should 
to accord with the law of squares of the 
intensities, as the intensities become 
weaker, whether from reducing the num- 
ber of cells or from increasing the re- 
sistance. 

It is certain that these ratios, notwith- 
standing their larger value, coit^^^oud 
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nearly to the squares of the inten- 
BiUea than ti> their cubes. We have, fo** 
example, between the first and last ei- 
periioent of the first series, 85600 instead 
of 19423 ; but we will remark that the 
til re magnets have dianietera not wiSely 
different ; that thuy are nearly in the 
same conditiou an t» saturation, and that 
the forces havo btien meaaureil at tlie 
moment of nmximuiu magnetization. 

It is evident that we should not have 
obtained the same results with magnets 
differing more in theu- diameters, nor if 
the forces had been meaKm'ed instantly 
at the moment of tnngnetization, and 
during a closing of the circuit. In such 
a case we should, perhaps, be able to get 
a higher ratio than 8660(1. Upon thia 
principle is based the action of the 
Bluggish electro-magnets employed in 
BOine of the printing telegraphs, and 
wbieh are slow in action only because 
their mass being relatively large, con- 
BJderable time is consumed in cbarglo 
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^he following table exbibitp the ratios 
P*^^7iously alluded to : 



"Ts 



^1 



Ratios of 

square of 

intensiiy 

:of current. 






CfD 

o 
O 

00 



CO 



09 



o1 



1,797 

3 429 

7,309 

12.640 

19,423 

1,645 
1,896 
3.77H 
8,323 
14,650 
22,753 

1,733 
2,022 
4,222 
9,670 
17,343 
27.242 

J, 847 

2,187 

4.829 

11,527 

21,094 

88,529 



Ratio of I Raiio of Ratio of 
forces. forces. . forces. 

A i 13 O 

0^,098. I 0°',077. 0'",059. 



1,49 

. 1,68 

3,082 

6,25 

10.71 

16,07 

1,55 

i,';8 

3,38 

7,35 

13,00 

1,60 
1,92 
3,84 
9,09 
16,66 
25,00 

1,84 

2,19 

5,00 

17,50 

35.00 

<< 



1,54 
1,75 
3,30 
7,13 
13,00 
'20,09 

1,60 

1.S6 

.», < i 

8,52 
16,20 

27,00 

1,73 

2.04 

4.50 

11,25 

22,50 

45,00 



1,93 

2.42 

4,83 

14,50 

29,00 



1,61 
1,S6 
3, 70 
8,00 
15,00 
24,00 

1,70 
1,97 
4,05 
9,44 
17.00 
28,33 



1,76 

2,09 

4,50 

11,25 

22,50 

45.00 



2,00 

2,55 

5,60 

28,00 
i< 



Frt.m the ntimericHl results gima in 
thiti table, wb are led to couclade tbat 
iiiu i'xvi making' tbe attractiTe forces pru- 
portiuuttl tu the square iif the intensities 
of tlif I'urrenta, holds good within eer- 
titiii limits, and under ctrtuiu indications; 
and that the eJectrd-miigfnetB over which 
the currents are broken at short inter- 
vali7, fail more or less. Now as this caae 
is involved in the important question of 
the mHgnetiainy helis, it. would neem op- 
portune to consider it from this new 
point of view; not to establish the con - 
ditioriB of maximum effect which have 
been already determined, but to And out 
in what way they are to be modified to 
auit certain cases. 

The question is this : When the elec- 
tro-magnetic force increases in a more 
rapid ratio than that of the squares of 
tbe intensities of tbe cui-rent (say as tbe 
cnheB for instance), should the resistance 
of the magnetizing helix be greater or 
less than that of the exterior circuit? 

To answer this qiiestion it will suffice 
1 the formula giviug the value 
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of electro-magnetic force the exponents 
of the values of the intensity, or in 
other words, change I' to 1*. We obtain 
then this expression : 

which, if g varies, gives for a maximum 
nha(a-vc) _qSs,g'^ 

or 

If a is the variable quantity, the con- 
ditions of maximum correspond to the 
Equation 



^%' 



7rba\^a-{-^\ 



/•a 'i 

y 

These two equations show that when 
the forces are proportional to the cubes 
of the intensity of the current, the he- 
lices should offer less resistance than the 
exterior cirouit; ojily half as much if g 
is the varihle quantity^ and in the ratio 

o/ a + c to 2a + ^ when a is t/ie 'oaricwbU, 
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We may conclude, then, that upon circuits 
subject to frequent interruptions, the re- 
sistances offered by the magnets should 
be lessened in proportion as the intervals 
of closing the circuit are shortened. 
And it is for this reason as much as for 
that of defective insulation and of extra 
currents, that Hughes first, and subse- 
quently telegraph engineers, reduced 
considerably the resistances of magnets 
upon long circuits. 

It would bo equally interesting to 
know in what way the resistance of the 
electro-magnet should be modified in 
the case where the point of saturation 
being passed, the force increases less rap- 
idly than the square of the intensity of 
the current. If we suppose that this in- 
crease is simply in the ratio of the in- 
tensity, then there is no maximum possi- 
ble, and we can with advantage increase 
the resistance of the magnets beyond 
the limits which have been assigned. 

In seeking to determine how the con- 
ditions of maximum effect which involve 
the thickness of the helix should be 
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modified to suit the conditions of defec- 
tive saturation of the magnetic core, we 
find that we can increase this thickness, 
and that while the attractive force in- 
creases as the cube of the intensity, the 
thickness of the helix may with advant- 
age be double the diameter of the core. 
The expression 

wee 



\ 7 I 



is a maximum if c is variable when a = 
2c. On the other hand, there is no maxi- 
mum when the forces are simply propor- 
tional to the intensities of the current. 

Vni. — Conditions Governing the Con- 
struction OF Electro-Magnets. 

i * The calculation of the elementary parts 
of electro-magnets is not all that is neces- 
sary. To secure the best results, it is 
also necessary to take into consideration 
the secondary causes which can infiuence 
them and their sources of action. 
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Tlii« tineetion will now be considered, 
ftnd \nll recall the cotiGliisioiis reaclied 
by the writer, from nuitteroiia experi- 
ments tried during the past twenty years. 

1»,'. Coiitiitimia of eleftra-magneti'i 
forvt lokick lire dependent iipon exturior 
caiMex. — DescartuH and many later phys- 
icists have shown that if a mans of iron 
.be brought in contnot with one pole of a 
bur inagnet, that the attractive foree of 
the other polt is iiugmcnted, ftud that the 
increase is somewhat proportiuueil to the 
mass. M, Diib, who wished to include a 
stateuiE^nt of this fact in the luws of elec- 
tro •inufeiietism, considei'M that this in- 
crease is u result of the general law, that 
the force increases with the increase of 
length of the magnetic core. But this 
increiLhe should by the law be propor- 
tioneil only to the 8(|uare roots of the 
lengths; whereas, according to the author's 
esperiiuents, the increaee is enormoualj 
gristlier, since tlie force is frequently mora 
thun trebled. Furthermore, the writer 
h&B shown that this increase is produced ' 
by iron masses of all shu.^eH, uome of 
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"which do not increase the length of the 
^magnet to a notable extent, and also 
"when not in immediate contact with the 
magnet proper. It has been observed 
during these experiments that the devel- 
opment of a magnetic surface has much 
to do with the phenomena. Now, the 
author's conclusion is, that the increase 
of energy is due principally to the effects 
of magnetic condensation developed by 
the contact of the two pieces, and that 
the stimulation of the free pole is a sec- 
ondary effect, since the two polarities of 
any magnet bear a constant relation to 
each other. 

This conclusion has been experiment- 
ally verified by alternately placing upon 
a long, soft, iron rod helices of different 
lengths but composed of the same lengths 
of wire. The helix which cavers the en- 
tire rod is the one affording the least 
attractive force, although it has the 
greatest number of turns of wire. The 
hehx which has the maximum effect is 
that which covers only one-third of the 
length, measured from the actW^ \io\ft. 
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Now, when these same helices are ap- 
plied to iron rods of the same length as 
themselves, the effect is altogether differ- 
ent. Then the force increases as the 
length increases, but not in proportion 
to the length. The forces seem to in- 
crease in an arithmetical proportion, 
while the lengths are in geometrical 
ratio ; and the rate of this increase 
seems to bear a direct relation to the 
number of cells of the battery. Only 
these last results will be here specified 
as applying to a particular case. 

The effects about to be cited illustrate 
the action of electro-magnets when 
charged with a single helix upon one of 
the. branches only, a . kind upon which 
the author was the first to expeiiment, 
and which he calls electro aunaids holteux 
(lame or crippled magnets;, and which 
are nearly as energetic for the number of 
coils of wire as the magnets of two helices. 

2c?. Helations of the electro-magnetic 
force to the form and disposition of the 
armatures. — The author sums up his 
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coDclnsions from his experiments in the 
following manner : 

(a). The attractive force of electro- 
magnets, whether great or small, is 
greatest when that surface of the arma- 
ture which is directly acted upon is most 
developed, and when the mass of iron 
exposed to the magnetic influence is 
most completely subjected to the mag- 
netic forces. 

{b). It results from this that the 
attraction of electro-magnets of two 
branches for flat prismatic armatures is 
greatest when the armatures are pre- 
sented flatwise, if at a little distance 
from the magnet, while the converse is 
true for the condition of contact, and the 
greatest force is manifested when the 
armature is presented edgewise. .For 
the attraction at a distance the ratio of 
the eflffects of the two positions may be 
as 59 to 92. 

(c). The arrangement by which the 
armature is caused to rotate about a pivot 
near one of the poles is better than that 
by which it is allowed to mo\e i^QiX^oil to 
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the line joiuijig the two poles, as when il. 
is made a eroaa-bar at the end of a tilting 
lever. The advuntage of tlie former 
method is especiallj manifested in the 
case of magnets with a lielis on one pole 
only, in which the foicea developed un- 
der the two methods are in the ratio of 
125 to «4. 

(<^), PriBtuatio armatnreB are attracted 
with a force proportioned to thuir extent 
of surface i Imtthe^orm of the snrfaoe 
has a grL^at influence, as the meau dis- 
tance of the whole sui'face from the poles 
may vary tMjnaiderably with the shape. 
Thus a cylindrical armature Ja attracted 
with much less force than one of pris- 
matic form having the same amount of 
surface ; the ratio of the forces being as 
44 to 86. 

(e). By reason of as anoIogouB reac- 
tion to tliis last, the lateral attraction of 
electro-magnets, where the cores project 
A little way fi-om the helix, is much less 
energetic than the attraction in the direc- 
tion of the axis of the cores ; the ratio 
being about as 18 to 33. 
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(/*). Armatures made of permanent 
magnets aid the attraction only when 
used at a distance from the poles, and 
are kept parallel to a line joining the two 
poles. For other positions they are a 
disadvantage, as magnetic action, when 
exerted upon steel, is much less than 
upon iron. 

(g). The attractive force due to the 
momentary closing of a circuit is, for any 
given distance of the armature, much 
greater than that arising from the con- 
stant action of the same current when a 
counter force is opposed to it. This fact 
may be referred to the effects of living 
forces, and to the polarization in the cell. 
The ratio of attractive forces is as 136 to 
95. 

(h). When the force of an electro- 
magnet is divided among several arma- 
tures, the total attractive force is aug- 
mented, but the force exerted upon any 
one armature is less in proportion as the 
number is greater. This increase of to- 
tal force, however, is manifested only 
within certain limits, which are t^^tfi\i^ 



1 



when the miWH of the armatureB is eqiul 
to that of the eleotrotuagnets. 

(»■). The attrai'tive force between an 
eltfctro-niagiiet nud an armature which 
has not be^n previimsly eioploTed. is for 
a given current much greater than for 
the 8itme magnet atid nrmatiire, when 
they have been ouce subjected to th« 
correiit. Ami to olitaJn a force neftrly 
eqtiat to thftt priraarily produced it is 
necenttury to leverBe the current; but 
the maximum force exists only at the 
first closing of the circuit. 

{;'), The attraction of eltJCtro-magnetH 
at a distance is weakened when from axij 
oBUBe the first clomng of the circnit has 
not been followed tiv tlie complete at- 
tractiuD of the armature, Thie is due, aa 
in the preceding oawe, Ui the effect of 
' reeidnal magnetism. 

(A). The repellaiit force exerted by 
electro-niagntitB upon magnetized arma- 
tures i« far from corresponding with the 
attractive force wlijch is produced by re- 
versing tlie poles of the magnet. That 
facU which was ubRened lii the eartf 



experiments upuii olectru-inagnetiBui, and 
■which WfiB foi- n long time discnSBed liy 
MuBBembroeck and Abbe Nollet, is (tasil; 
eKpIaiiied na uu exiimple of induction i 
by the magnet, wliich tends to develop ] 
upon the armtttiire it [lolarity opposite to 
that which exists in the inngnet. Now, 
in attracting, the aotiun of tho iDductidn 
ifl to increase the dynamic inflect, whOe in 
repuMoQ it diminiBhe); it. (Jitiidea (lu 
Magnetiime, p. 103.) 

(^. When the iron core of un eleotro- 
uiBgnet extends beyond the helix the 
force i« diminished ; but if the poles be 
fitted with extension pieces in the inter- 
pohtr Bpa^^e, the force ir augmonted, and 
the uaximnin effect w reached when th? 
space separating' the auxiUiary pieces ia 
about one-tom-tb of the entire interval. 
This increawe follows from the increase 
in the uttroctivo surface of the poles, 
-which then correspond to an armature. 

(m). According to the experiments of 
H. Dub, the l>est eondition of electrt>- 
tDligiiGta relating to the dimensions 
ifiisir armatures ure obtaiiied «\\«:& ^>&»J 
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different parts (septiiste liranoheB, a 
ture au<l bottom bar) are equal. 

(n). This concliiaion ia naturally b 
ordinate ttt oomlitions of application ; for 
it is cerijijn thiit if we deBU-e prompt ac- 
tion in tile armature, that it rauBt be 
lig'ht ; but we can then supply the defi- 
ciency of weiglit by reinforfiny the polte 
of the magnet as above described. 

■id. Conditkiiia tle}>eniUi>g 071 the mnu 
of the iron core. — The conditions of mag- 
netic force depending on the diameter of 
the magnet and the degree of saturation 
may, under certain circiim stances, be 
qnite antngonietii- ; for thoTigh we gain 
force by increasing the diameter of the 
core, we may be subjected to loss be- 
cause, by reason of size, the core ia not 
charged to saturation, and tlien the cen- 
tral inert portion becomes, by a secondary 
action, like another armature. It hsB 
been attempted to obviate this difficulty 
by employing tubular magnets, whicji 
allow of easy magnetizing and demagnet- 
izingi but it was found that there was r 
J 0B8 of force by this system, and wMcb 
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^^ to their rejection for a time. The 
aiithor in 1862 began to study the condi- 
*^0Us of force in this kind of magnet, and 
^ter many experiments presented a me- 
moir to the Acad&mie des Sciences con- 
taining the following conclusions : 

(a). The greater force of electro-mag 
nets with solid cores is not in conse- 
quence of their greater weight, but de- 
pends chiefly upon the disposition of 
their polar surfaces with reference to 
their armatures. 

(b). If the polar extremity of a tubular 
magnet is furnished on the inside with a 
plug, which may be very thin, the force 
is very nearly the same as when the core 
is solid. But no such result is realized 
if the pole be augmented by a ring of 
iron outside the tube ; which proves that 
it is not so much the increased amount 
of polar surface that reacts upon the at- 
tractive force as the disposition of this 
surface. 

(c). If we consider in the case of the 
ring, that the latter acts as an armature, 
and that such action is prei\xd\c\a\ \.o \»\i<fe 
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attractive force by disgeminatitig it, fl 
the cane of the magnet with Bevenii^ 
matures; and tliat in the t^ase uf ' 
plug >ir Htopper there is a concentratioTi 
of magnetic forces from different sides 
of the tube we can see why there should 
be a considerable difference of energy in 
the two cases -. and \ e can readily esti- 
mate the result of the magnetic conoon- 
tration in the second fuse if we suppose 
the plug projected upon the outside of 
the tube at the moment the latter in mag- 
netized. 

((/). It reisnltB from tbeee effects that, 
to employ tiibnlar electro- magnets with 
good effect, we oiight to furnish their 
polar extremities with plugs whose tliick- 
nesa is at least eipial to that of the tube. 
"We may obtain an increase of force which 
in telegraphic magnets will be In tbe 
ratio of 25 to 38. 

The thickness of the tube should bear 
proper relation to the strength o( tfas 
current which excites the magnet. The 
experiments of Hughes upon telegraphic 
jaatmments led him to tke eoncltisioa 
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that this thickness should be one-fourth 
the diameter. But the author's experi- 
ments led him to conclude that for elec- 
tro-magnets of large size the thickness 
may be reduced below this proportion, 
and in a previous memoir the problem 
was treated at length,* where it was 
shown that 
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in which c' represents the diameter of 
the tube; c the diameter of a solid iron 
core capable of saturation ; x the divisor 
of c' to give the thickness. This value 
of X may without great inconvenience be 
made as high as 7. 

\e). The inconvenience of solid mag- 
nets arises from residual magnetism and 
of magnetic condensation; but we can 
diminish considerably these effects by 
insulating magnetically the two branches 
from the bottom bar by copper discs, or 
by inserting in the bar itself a thickness 
of copper. 

* Reoherohes sur les meiUeures condlttoivM d^ cow 
strnotJon dea ^/ectro-Armants. 



IX. — KkLATIONS WBIOH THE GbODPIM 
THE BiTTBRY BEAU TO Tl 

AND TO A orvRK Electho-MAqnet. 

As it IB a matter of iuiporlaiice ^ 
the electro-magDet should be proj 
adjusted to the currunt that charges i^ 
it ia, of course, equally important tbftt 
the battery should be urranged with ref- 
ertmce to producing the best effect npun 
a circuit containing ft given magnet. 
Ohm haa given a formula for such cases, 
which ie found in all works on phjBicB, 
but which is of limited apphcation in 
practice — a fact which led the author in 
18G0 to seek for another method of anal- 
ysis, based upon experimental grouping 
of the cells. The problem is to deter- 
mine the most advantageous grouping of 
the elements of a battery to work agUQBt 
a known resistance. Thus, having a bat- 
tery of 12 cells, it is required to know 
whelher it will be best, in working 
against the resistance R, to arrange the 
cells in groups of 3 for quantity and i 
for tension, or in 6 groups of double el»- 
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ments, or 2 groups of sextuple elements, 
etc., etc. 

Now, to determine the general formula, 
suppose the number of cells to be n. Let 
a be the number united for tension and h 
the number united for quantity. The 
expression for intensity of current, when 
r is the resistance in each cell and R the 
resistance of the circuit and E the elec- 
tromotive force, is 

r 

for each group of h cups, and for the a 
groups united in tension 

,, aE ^, obEx 

I = or I = 



ar ar + 6R* 

Now, this formula, as well as that of 

Ohm, is susceptible of a maximum value, 

n 
for as ab=zn and ^=- the equation be- 

a ^ 

comes 

wE E 



V= 



n^ ar E. 

a + -R — -V- 

a n a 




By coDBidering a as the variable w 
the maximtun value corresponda to 



-, = ; whence a 
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This conclusion ie easily reached t 
out tlie aid of the differential calculn^ 
the author has previously shown h 
poa& des •ipplicationeK de VE, 
Vol. I. 

Some important retiultB ore < 
from this condition of maximum % 

let. When a battery is arrangtt^!]! 
luasimnm value with reference to a given 
external resistance 11 ; this resistance is 
equal to that of the batteiy, and from the 
ecjuation 

(tnd the right hand member of tk. 
tion represents the resistaiice of 'i 

2d. The most advantageous g., 
of a battery for a givew vnteneity, 1 



be alBo determined, provided the roBist- 
anoe R is not greater than nr, as under 
caaniMTim conditions we have 

whence we get 

2IR , , 2Ir 



■very convenient and simple formulas for I 
use in applications of electricity. 

In some papers presented by the au- 
thor to the Acadkniia det Sciences in 
June and August, 1860, and in Septem- 
ber, 1869, he indicated the limits of ex- 
ternal reBistance against which it is ad- 
vantageouB to employ certain specified 
methods of grouping of the batteiy. 
These hmits for b cells joined for quan- 

e»,j, for cells in pairs the Hmite of resist- I 
cmoe R, will he -rr- and — . For triple I 

" ^ limitH are -^ani^"^ 



, etc., etc. J 

been nbowD that, as Ob 

jved tlmt the resistanceB B cc 

I effects for d 

iiigements of the batteoy, a 

; that is to Bay by ■ 
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ThuB we know by the precediug calcu- 
lation that for a Baniell battery of 20 
uells the resistances of the external cir- 
cuit, which would rec|iiire an arrange- 
ment of the cells in poire, he between 
10,000 meters and 333;t meters of tele- 
graph wiie. If the resistances are be- 
tween 3333" and 1666<", the cells may be 
in thi'ees, and if between 1666™ and 
lOOO"* we may adopt the quadruple ar- 
rangement. 

It is seen from the foregoing that there 
is no difficulty in determining the best 
urangemmit of any given number of cells 
to work against any given resistance, 
since it will suffice to divide the total I 
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reBiRtance of the n ceUs anccessiTdy b^*^ 
4, 9, 16, etc.. (Old see which qootien *^ 
raoet nearly corresponds to the extema-^^ 

reeietance. The lUviaor then represent:^— 
the squai-e of the number of ceils in eac!^"* 
group, run! tho number of groups is ob-^ 
tained by diviiling n by the number o»:^ 
cbUb tbuH groujjiid for quantity. 

All these culciilationa are exceedingly'^ 
simple, and it seems astonixhiug that scv 
much time and money in expended ia 
UHeleRB reReari'lies and trials, when the 
beet conditione for useful effect are so 
eiiflily determined. 

Some exacting people nfiBert that Iheee 
calctilationH ai-e only rigorously true when 
we get whole numbers for resuite, as we 
cannot t^vide a battery cell ; but in eleo- 
trical apphcationn we ore satintied with 
approximate results. It is true we can- 
not divide the coll of a battery, and bo 
we cannot always realize the maximum 
conditiona; but the catculatiou affords 
ns a means of determining what numbers 
to adopt in grouping to obtain the best 
result ThuH in the e^iaia^Xe vu Chapter 



Ill 

^. we found the value ol a = 3.074 ; no' 
it ie evident that 3 gi'oupB in intensity. 
»re indipated, aiid an H divided hy 3 gives^ 
2.7, there slionld be 3 cells iti pach rovf. • 

The fomiiilas presented in the prered- 
ing articIeH (jnable ub to compare thi 
forces of different electric genei'atoi 
There are, however, in these calculatiunn 
certsin coDsidt'rations which, not haviuf^ 
been viewtd in the same light by differ- 
ent phyeicists, hiive leil to disagreement* 
tiut are to be regretted. ThuH, accord- 
ing to Jacobi, we may compare two bat- 
ten^ both of which are working under 
maximum couditionn ; but for thw] 

the exterior and interior 
sigtances for each case must be equaUf 
The intensity of each would then be. 
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r equations which may be put niidflr ^ 
form, 
fiE E' ^ rtE B' 



uE. K 



«,nd we can deduce the vahies of c 
by supposing' the reeiBtatice B to | 
resiatttiice r' of the cell of compi 
Then we liave 



and A=srX 



E' r 



and the total number of elements if 

by multiplying a by b. 

Proceeding on this plan, ve find j 
6 Bnnsen cells represent 9 Daniell 
each with a surface 11 times as f 
which indicates that we ehonld ei 
20 Daniel! cells, Ronveniently arranged^ • 
an equivalent for one Bunaen cell. It 
has been similarly found that 3 Bunsen 
cells equal in intensity 4 cells of tiie 
mercury sulphate battery, each of which 
had a surface three tlwiI o. i\uc(l times 



IIB 

that of the BunseD cell ; whiefa indicates 
that it would require 5 of the mercury 
sulphate cells to be equal to one Bunsen, 
When this method of Jacobi has been 
duly considered, it is seen that he desired 
to avoid giving the exterior resistance R 
a determinat^B value ; but in fact this re- 
sistance is represented in the resistance 
of the battery which is employed as su 
imit of comparison, and in the preceding 
example it is equal to 163 meters of tele- 
graph wire. Now, it is easy to see that in 
proportion as the resistance increases or 
diminishes, the above figures are singu- 
larly modified; for the value of R may 
be reduced more or less or become more 
or less preponderant in the value of the 
denominator of the expression for intens- 
ity of current. It is this fact which ex- 
cites the criticisms of many physicists, 
We could perhaps take for a starting 
point a value of R which would be a 
mean of the resistance of the different 
cells, but we should not have gained 
much, and Ihis system of comparison 
would apply only to short circuits. In 



^ 



^^V lU 

r tnioh H case we iniglit begin bj taking I 
equal to the intensity of the batter? 
(ihoBen an a standard of compariBon, and 
than obtain the vnlneH a and b by the 

, , 2IH , , 2Ir , . " , 

formulas (( = ^=- hjui 6=^;^, whif^h in 

I E E ' 

I the cast! of the Bunseu and Dauiell bat- 

terieB will give for a resistance 

R=153»', 1=36.55. 



2x36.55x153 



I 



Tbis biings us bitck tu the conclufiion 
previously reached, us B is the resiBtauce 
of the battery used as u standard of com- 
parieon. Suppose R = 1000™, then I 
becomes equal to 9.64, « = 3.2, and b = 
3, and we see tliat instead of employing 
20 Dauiell cells it will bi' necessary to 
use only 9 to obtain the equiTalent of a 
BuuBen cell. 



X,— Tablbh fob Vax in Calodlatiom 

EiLATINd TO ELKOTBO-MAflBBTa. 

The following tables are believed to ho 
indispensabte to a work treHting of cal- 
culatdoiLB in electro -magnetism. It should 
he mentioned that by reason of the omis- 
sion in Ohm's formula, of a term depend- 
ent on polarization effects, the figures 
represeuting the resistances of battery 
cells are too large, and hi; they inexease 
with the reaiKtances of the external dr- 
cnit,* there are giTen in the first table 
values both for short cirouitB and for re- 
sistent circiiits. 

The first values were calculated by M. 
Ed. Becquerel : the second by the au- 
thor : BO that to obtain the best results 
It will be necessary to nso the author's 
figures when the external resistances are 
great andBecqiierel'swbeii they are small. 
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Table No I.— Voltaic Cohstants. 



Danlell b&tleiy (French ! 

telegraph put tern) ' 5873 i 

Buosen's cell (amalga- j 

maied zinc) 11133 ' 

Delaurier cull (chromic i 

acid and salt solution) 13413 { 
Chutanx cell (potassic 1 

bichromate} 11400 

Diicheinin cell ( ferric 

chloride and Ball bdIu-' | 

tion) 9040 I 

Marie Bavj cell (mer-; | 

curie sulphate and j 

water) 8193 I 

Leclanch^ cell (large ; 

aisw) 7539 : 

De la Rues cell (fused | 

Bilvtr cliloride and 

T.ini: cbluridd ; size, 

minute) 5596 ' 

Piudhomme'a cell O^ad 

fitilphate and water... 3801 



fl.«4 

5 0,55- 
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Table No. II. — Dimensions of Wire usei> 
FOB Electro-Magnets. 



Gauge 
numbers. 




go 

g V 

C QQ 
O 



m. 



Diam. 

covered 

wire. 



TD. 



(No, 32 0.00014 0.00023 
28,0.00022 0.00033 
24 0.00027 0.00040 
20 1 0.00035 1 00048 
1610.00040 0.00055 
J12 0.00049 0.00065 
P 0.00068 0.00077 



•aS 



rNo. 1 0.00060 
2:0.00070 

3 0.00080 

4 0.00090 

5 0. 00100 

6 0.00110 

7 0.00120 

8 0.00130 

9 0.00140 

10 0.00150 

11 0.00170 
12 1 0.00180 
1810.00200 
14 0.00210 
15! 0.00235 
16 0.00260 



0.00122 

0.00134 

00146 

0.00158 

0.00172 

0.00184 

0.00196 

0.00208 

0.00220 

0.00232 

0.00254 

0.00266 

0.00288 

0.00300 

0. 003271 

0.00354 



Values 
of/. 



1.6428 
1.5000 
1.4814 
1.3714 
1.3750 
1.3265 
1.3275 



2.0333 
1.9143 
1.8250 
1 . 7555 
1 . 7200 
1 . 6727 
1 . 6333 
1.6000 
1.5714 
1 . 5466 
1.4941 
1.4777 
1.4444 
1.4285 
1.3915 
1.3615 



r 



2.6988 
2.2500 
2.1934 
1.8796 
1.8906 
1 . 7582 
1.7609 



4.1331 
3.6634 
3.8306 
3. 0800 
2.9584 
2.7989 
2.6687 
2.5600 
2.4670 
2,3901 
2.2320 
2.1844 
2 0851 
2.0892 
1.9349 
1.8523 
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The ^iitures hi Table No. 2, giving th^^ 
vulues of the diameters of wire, with ant^^ 
without th« Hilk coveriny, are not exactly "" 
till' results obtained by direct meaeurt; 
iiieut. Thette reBultn are deduced from 
meaeurementH with the rheostat upon 
uitinufBctured electro- magnets, so that 
open spaces and other irregiiJarities of 
winding ai-e taken into account. This 
method is not very exact in one sense, 
but it is clear that it gives values much 
more servieeable for calcnlation, for it 
takes into account quantities which would 
otlierwise be neglected. 

These values are easily culciilated from 
formula (0). When <t = 0.012, « = 
0.012 and i = 0.12 



.000000000289529" 
H 



=j«, 1 representing the diameter 
measured directly 



f 



t)f the copper 
without the silk. 

._ / O.d00000000 28!>52 



119 



Table No. III. — Bimensions of Wire in 

Common Use. 



« 


»Nn3 


-•1 ^ 


. ^ __» . 


bo 

O 


St; 


O M g 


O ?^ *• 
2 Ih C 

Q Qi u 


00 S 


CD •— • . 


No. 


m 


m 


m 






12 


0.00056 


514 


0.00054 


515 




14 


0.00050 


680 


0.00048 


673 




16 


0.00044 


796 


0.00044 


780 


22.30 


18 


0.00040 


867 i 0.00040 


929 


29.60 


20 


0.00036 


1238 0.00034 


1390 


31.47 


22 


0.00032 


1439 0.00032 


1420 




24 


0.00028 


1925 0.00028 


1872 


43.75 


26 


O.OOOviO 


238910.00026 


2257 


138.23 


28 


0.00024 


286410.00022 


3230 


174 94 


29 


0.00023 


3054 ;0. — 


— 1 185.77 


30 


0.00021 


3822 0.00020 


39201 228.46 


31 


0.00020 


4042 0.00019 


4390 


471.51 


32 


0.000185 


5875 


0.00017 


4810 


528.57 


33 


0.00017 


6130 


00015 


9400 


967.56 


34 


0.00016 


7750 0.00 14 


9580 




38 


000125 


10550 0.000125 


9650 


1680 


89 


000115 


11950; 0.000115 


10600 


—— 


40 


0.00010 


18400! 0.00009 


16290 




42 


0.00008 


24800 ■ — 




4228 


43 


0.0<)0075 


25600 


0.00007 


26310 




44 


0.00006 


36500 


0.00006 


35400 


Vt 
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Table No. IV. — ^Di&lbnhons of Wirk-'i 

CoMMol^ Use. 



Decimal 


Meters per 


■ ■ioTirkCht ^t 


Gauge. 


kUogram. | 


x/iameiej 


No. 






P 


670 


0.0005 


1 


418 


0.0006 


2 


330 


0.0007 


3 


208 


0.0008 


4 


180 


0.0009 


5 


160 


0.0010 


6 


137 


0.0011 


(* 
i 


100 


0.0012 


8 


85 


0.0013 


9 


75 i 


0.0014 


10 


70 


0.0015 


11 


66 ; 


0.0016 


12 


54 


0.0018 


13 


40 


0.0020 


14 


34 ' 


0.0022 


15 


30 i 


0.0024 


16 


26 I 


0.0027 


17 


19 


0.0030 


18 


16 


0.0084 


20 


10 


0.0044 
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Tables 3 and 4 have been prepared 
with much care by M. Bonis, a manufac- 
turer of wire in Paris, who uses copper 
whose conductivity is 94 to 96. 

The covered wire is smaller than the 
wire before covering, because of the 
tension to which they are subjected in 
the covering process, which causes a re- 
duction in diameter averaging three hun- 
dredths of a millimeter. So that there 
is an increased length per kilogram for 
some of the sizes. 

In the preceding tables the resistances 
are given in meters of telegraph wire. 
These are reduced to ohms by dividing 
by 100. 

The values of electromotive force in 
Table 1 may be reduced to volts by mul- 
tiplying by 1.079. 



51 






Old 




gauge. 


0.02 




0.10 


40 


0.20 


31 


0.30 


23 


0.40 


18 



I kilogram. 



0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.50 
2.00 



Decimal 

gauiTf. 

14 

1 

2 

3 

4 

5 

10 
18 



355584 
I 14369 
I 3614 
i 1607 
I 902 



576 
401 
294 
226 
178 
144 
64 
36 



kilogram. 



1808084 

30877 

1922 

878 

119 



49 

24 

18 
7.5 
4.6 
8.0 
6.59 
19 
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ly froia End Areiu. Illiiatruteil by Eiaoi- 
ines, and boguiuphOImI by Plata lbi]i» lor 
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gents, the Traverse Table, and a full and com- ' 
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les, t^ether with namerous other valuable : 
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Graphical Statics. By Prof. Henry T. Eddy, 
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